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PREFACE. 


The plan of a volume to be entitled “ Economic Geology,” and which should 
form one of the final reports of the Geological Survey of the State then in progress, 
was announced as early as 1870 by my predecessor, Professor J.8. Newberry. The 
scope of the volume as originally designed can be seen in his first formal an- 
nouncement of it, Report of Progress, 1870, page 12. Its prospective contents are 
there stated in the following terms, vis.: “The geology and technology (mining, 
manufacture and uses) of our Coals, Iron Ores, Clays, Salts, Limes, Hydraulic 
Cements, Petroleum, Gypsum, Building Stones, etc., etc.” 

Frequent references to this volume are made in subseguent reports of the Sur- 
vey. For example, in volume II, Geology of Ohio, page XIII, Professor Newberry 
speaks of it as “intended to include an exhaustive and accurate review of all our 
mineral staples, Coal, Iron, Peat, Clay, Salt, Oil, Building Material, ete.’ He further 
describes it as designed “to determine the quality, uses and best methods of manu- 
facture of our mineral staples, not only by means of the ordinary chemical analyses, 
but by carefully gathering the results of all the trials to which they have been sub- 
jected in real life and by original experiments made with an amount of material, 
and under such conditions as would afford a practical and working test of each.” 

To many, and probably to most of that portion of our citizens who have taken a 
definite interest in the progress of the Survey, the volume thus announced has 
seemed certain to be the most interesting and valuable of the entire series, and, 
accordingly, after the publication of the reports of the Survey had been interrupted 
for several years through the failure of successive legislatures to provide for the 
issue of the third volume of Paleontology, a bill to complete the volume on Economic 
Geology was passed by the Legislature in 1882, with but little opposition, and, in 1888, 
provision was made to publish it when completed. 

The volume herewith presented derives its title as well as its general scope from 
the plan projected by Professor Newberry, but if this plan could have been worked 
out by its distinguished author the result would have been a very different volume 
from the present, and, assuredly, a much more valuable one. Of the field mapped 
out in the comprehensive program already quoted, there are entire sections into 
which I have not been able to enter, and in those subjects which the present volume 
discusses, the limitations arising in part from want of time and means for investiga- 
tion are to be found on every page. 

In treating the subjects included in the present volume, I have steadily 
endeavored to keep within the limits imposed by the title and plan of the work as 
fixed by my predecessor and by the action of the Legislature, and, therefore, no 
discussion of the general geology of the State, as such, is to be looked for in these 
pages. But inasmuch as our mineral wealth is chiefly centered in the Coal 
Measures, a discussion of the economic elements of the Ohio scale will largely con- 
sist in a discussion of the geology of the Coal Measures, and principally of the 
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Lower Coal Measures. Ino far, therefore, as the title suggests a distinction be- 
tween general and economic geology, it is, to a certain extent, misleading. Any 
properly written account of the geology of a Coal Measure county would be in the 
main a chapter of economic geology, and a considerable part of the materials 
furnished in the three volumes of the geology of Ohio, already issued, would by 
a true classification fall under the same head. 

The order of arrangement of the Coal Measures, involving the persistency and 
extent of the leading elements, I have counted strictly within the province of 
economic geology, and I have accordingly devoted a large space in the present 
volume to the interpretation of the order of the Lower Coal Measures. Coal seams 
and beds of iron-ore and fire-clay have characters of their own. In entering an 
undeveloped field, it is not enough to know that the openings made show coal, ore 
or clay of good volume and quality, but in order to warrant any safe forecast as to 
the persistency of these elements, we need to know the horizons to which they are 
severally to be referred. A good showing at one horizon would stand in a very 
different light from an equally good showing in another, as a basis for the invest- 
ment of capital. 

The best single service that the present volume can claim to have rendered is in 
the determination of the leading horizons throughout the entire coal field of the 
State. Several important changes have been made in the reading of the record. 
The Leetonia coal has been shown to be the Lower Kittanning seam or the first 
above the Ferriferous limestone. The Canfield cannel seam has been shown to 
belong tu the Ferriferous limestone horizon. The Hammondsville Strip Vein has 
been shown to be the Middle Kittanning seam, and the Clay Vein coal of the Ohio 
Valley, the Lower Kittanning seam, or the first and second seams, respectively, above 
the Ferriferous limestone. The Steubenville Shaft coal has been referred to the 
Lower Freeport horizon; the Osnaburg coal of Stark county, and the Pike Run or 
Dennison coal of Tuscarawas county, which are the same seam, are shown to be 
Middle Kittanning and not Upper Freeport in age. The Carbondale coal of Athens 
county, has been so clearly proved to be the Nelsonville seam that the question of 
its age cannot longer be regarded as an open one. The Waterloo coal of Lawrence 
county has been shown to be the Upper Freeport seam and not the Middle Kittan- 
ning. The clay seam of East Liverpool and the Upper Ohio Valley has been 
proved to be the Kittanning clay and ‘not the Lower Mercer. The Blackband ore 
of Stark and Tuscarawas counties has been proved to occupy the horizon. of the 
Upper Freeport coal. The Putnam Hill limestone has been shown to be a com- 
panion seam to the Ferriferous limestone, and not this limestone itself, underlying 
it and almost alternating with it in its appearance, in the girdle of the old coal gulf. 

As a matter of course, a great number of other changes will follow those already 
named. It would be too much to expect that all of these changes should be at once 
adopted. The leading ones have already recommended themselves to those who 
are practically engaged in the development of the various fields, and the new order 
is proving itself a safe and certain guide in all recent explorations. In regard to its 
final acceptance I entertain no doubt. 

It is a matter of regret to me that I have been obliged to leave entire sections 
even of the Ohio coal field without any adequate notice in the present volume. The 
Barren Measures, 400 to 500 feet in thickness, and containing a number of valuable 
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elements, haye received no notice whatever. The Upper Coal Measures, 400 feet in 
thickness, which almost rival the Lower Measures in importance, are also passed 
without any methodical discussion, aside from a single short chapter devoted to a 
single coal seam. Even the lowermost portion of the Lower Coal Measures I have 
not found time to study in a systematic way, but, so far as this section is concerned, 
the facts of the present economic development in the only important fields are 
clearly and fully given. I can only say that I have done what I could with the time 
and means at my disposal. Being unabie to cover the fleld, I was obliged to choose 
what portion I should occupy. I selected that portion of the Lower Coal Measures 
included between the Mercer horizon and the Mahoning sandstone as clearly the 
most important mineral-producing belt of the State. But even in this part of the 
scale, there are some dark corners still left, especially in Southern Ohio. Its main 
elements, however, are set in so plain an order that he who runs may read. 

The same explanations must cover, in the main, the omission of several other 
subjects that certainly deserve a place in a volume treating of the economic geology 
of the State. Among these must be named lime-production, a large and growing 
interest in Ohio, and which has been treated only incidentally here ; cement-manu- 
Jacture, which, though at present developed to but small extent, is likely soon to 
attain much greater importance; the production of gypsum, which is, however, con- 
fined to one locality; and, finally, the production of salt, bromine, petroleum and in- 
flammable gas, substances which are in almost all cases associated in their appear- 
ance in Ohio. The manufacture of salt has long been carried on in the State ina 
very large way. 

A chapter has been prepared on this last-named group of substances, with 
special reference to the deep borings for natural gas in which so much interest is 
now taken and so much money expended in various sections of the State, but it is 
found impossible to include it here, for the reason that the volume has already grown 
beyond proper limits in size. 

This chapter, embodying as it does the results of all the more important ex- 
plorations for oil and especially the facts accumulated in the recent very extensive 
and expensive drillings for natural gas, is believed to be filled with timely and prac- 
tical information which can be made to do good service in directing, restricting or 
discouraging the expenditure of money in this novel and enticing quest. The chap- 
ter will be presented to the Legislature at its next session, with the request that it be 
published as a supplement to the volume now issued. 

The chemical work herein reported will be recognized by intelligent readers as 
one of the most important features of the present volume. The analyses are based 
on a different system of sampling from any heretofore used in the geological work of 
the State, and, representing average instead of exceptional values, they bring to light 
the real characteristics of our several coal seams, and can be safely followed as prac- 
tical guides in the fields which they occupy. It is coming to be clearly recognized 
that the highest chemical skill is valueless in this line of investigation, unless the 
samples on which it is exercised are taken by some system which will make it cer- 
tain that they really and adequately represent the seams from which they are de- 
rived. . 

Without the promise of Professor Lord’s coöpersation in this department, I 
should not have ventured upon the preparation of the volume, and without the 
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cordial fulfillment of this promise, and more, on his part, the volume would lack 
much of ita present value. His chapter on Iron Manufacture in Ohio will be recog- 
nized as the most important paper yet published upon this subject. 

There is no person in the State so well acquainted with the various systems of 
mining in force in Ohio as Hon. Andrew Roy, late State Inspector of Mines. The 
chapter which he has prepared on this subject will be found replete with valuable 
information. | 

I am indebted to E. McMillin, Esq., Superintendent of the Columbus Gas Works, 
for a chapter giving all available facts on the production of gas from Ohio coals. Mr. 
MeMillin is widely known as one of our best trained and most successful. managers 
of gas-works, and his contribution is one of real scientific and practical value in this 
field, , | 

Professor G. Frederick Wright, of Oberlin, contributes an interesting chapter, 
accompanied by a map, upon the Glacial Boundary in Ohio. The author is recog- 
nized as one of our most accomplished glacialists, and his services have been brought 
into requisition in the Geological Surveys of the United States and of Pennsylvania, 
as well asin Ohio. If any question is raised as to the connection of this subject 
with economic geology, such question will be found answered in the chapter itself, 
in which the relations between soils, brick-clays, gravel-beds and water-supply with 
the glacial deposits are clearly shown. 

For the balance of the work, both in field and office, I have been obliged to rely, 
in addition to my own labors, mainly upon young men with little or no previous 
practical training, inasmuch as the services of such could be obtained at much lower 
rates of compensation than experienced geologists would demand, and inasmuch as 
the limited funds at my disposal required economy at every step. Asa matter of 
fact most of them were students or recent graduates of the State University who had 
studied geology in my own class-room, and who were consequently acquainted with 
my methods and views. All of them proved faithful and efficient, and several have 
acquired experience enough to fit them for independent work in our coal! fields. 

Their names are as follows : 


J. N. Braprorp, Mech. Eng,, - FREDERICK Kerrer, E. M., 

C. Newton Brown, Exuis Lovgsoy, 

Epwarp ©. DowneErp, EDwARD ORTonN, Jr., E. M., 
Joun J. Dun, E. M., FREDERICK W. SpErR, E. M 


To this list che name of Prof. ALBERT A. WRrıcHT, of Oberlin, is to be added. 

Mr. Brown was longer in service than any other, and the Survey is much in- 
debted to his faithful and discerning work. The chapter on the Meigs Creek coal and 
the map accompanying it (map No. 9) are entirely of his authorship. This is the 
only field which has been reported upon with which I am not personally familiar. 
To Mr. Brown/is owing the demonstration of the identity of the Nelsonville and 
Carbondale coals. 

To Mr. Sperr, the credit belongs of working out the true place of the Steuben- 
ville Shaft coal, one of the best pieces of stratigraphical work recorded in the volume. 

Edward Orton, Jr., has prepared two chapters of the volume, viz., the chapter 
on Clays, and that on the Coal Mines of Coshocton county. 

Prof. Wright made a careful and discriminating study of Holmes county, and 
bas recorded his work in the chapter that treats of ita coal seams. 
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On six of the sheet maps that accompany the volume, viz., Nos. 4, 5, 6, 7,8 and 9, 
there are laid down the areas actually occupied by the most important geological 
element or, elements of the district represented. As to what the most important 
elements are, there can scarcely be any difference of opinion. The Kittanning coals 
in the northern counties and the Ferriferous limestone in the sovthern are uni- 
versally recognized as far in advance of all other horizons in economic interest. 
Though known by different names, they constitute practically one continuous series, 
so that we now have an inner line of outcrop within the Coal Measures from the 
Ohio Valley as far northward as Stark county. From this point, eastward to the 
Pennsylvania line, the face.of the country is so heavily overlain with drift that it is 
impossible to follow the formations in detail. 

This division of the Coal Measures into distinct areas will be recognize by all 
students of our geology asa step in advance. Itis, however, but one step where 
several need to be taken. The Mercer and the Freeport areas deserve to be added 
to those already represented. ' 

Extreme accuracy is not claimed for these maps, but the general] distribution of 
the coal and ore areas is adequately shown upon them, and they also indicate where 
mines and railroad extensions can be properly located. The revelations that they 
make as to the areas of our coals will, in some cases, prove surprising even to those 
best acquainted with the districts represented. In almost every case, the measured 
areas prove smaller than previous estimates had made them. 

The acknowledgments which I owe for assistance of various sorta in the prepara- 
tion of this volume are so numerous thatI cannot undertake to make individual 
mention of them all. In every section of the State in which I have worked, I have 
received invaluable assistance from well-informed and public-spirited citizens. The 
information derived from such sources has been blended with knowledge otherwise 
obtained, but it constitufes no small part of the account of our mineral wealth which 
I have here undertaken to present. 

There are, however, certain persons whose services, in connection with the 
volume, have been such that it would not be right to pass them by without par- 
ticular mention. 

First of all are to be named the Trustees of the State University, who, by their 
liberal policy, have rendered it possible for me to undertake and carry forward the 
work herewith presented, in connection with my college duties. During the last 
two years they have, from time to time, granted me such exemption from these 
duties as I have required in order to collect and arrange the materials of this 
volume. I desire to place upon record my high appreciation of their considerate 
action. 

To Hon. T. C. Snyder, of Stark county, a member of the 65th General As- 
sembly, is due the credit of introducing and urging the legislation by which the 
completion of this volume was provided for. To the same gentleman, aided by 
Hon. James Scott, of Warren county, is also due the introduction of the bill by 
which the present publication was secured. 

To the following-named gentlemen I am indebted for special assistance in 
working out the several districts in which they reside or in the correction and 
criticiam of the statements published in regard to these districts. While they have 
helped me to the facts which I have used, it does not follow that they will in all 


e 





X PREFACE. 


cases adopt the constructions which I have placed upon these facts. In naming 
them, therefore, I do not, in any way, seek to represent them as committed to 
my interpretations of geological order or economic significance. The list includes 
Messrs. R. M. Haseltine and Jonathan Head, of Youngstown; William Wetmore 
of Canfield; Anthony Howells, of Massillon; J. G. Chamberlain, of Leetonia; Andrew 
Lee, of Sherrodsville; William Smurthwaite, of Steubenville; Thomas Corcoran, of 
Corning; James Taylor, of New Lexington; Thomas M. Black, of Buchtel, and John 
Campbell, of Ironton. 

The officers of the various railroad lines that cross or that give access to our coal 
fields have rendered important aid to the Survey by giving free transportation to 
myself and my assistants while engaged in this work. The appropriations made by 
the Legislature would have been quite inadequate for the unexpected amount of 
labor with which I found myself burdened had it not !veen for this liberal policy on 
the part of the railroads. 

Special acknowledgments are due to the gentlemen named below: - 

Messrs. B. Dunham and G. J. Foreacre, Baltimore & Ohio R. R.; Orland Smitb, 
Cincinnati, Washington & Baltimore R. R.; N. Monsarrat, Cleveland, Akron & Co- 
lumbus R. R.; J. H. Devereux, Cleveland, Columbus, Cincinnati & Indianapolis 
R’y ; Oscar Townsend, Cleveland, Lorain & Wheeling R. R.; M. D. Woodford, Cleve- 
land & Marietta R. R.; M. M. Greene, Columbus, Hocking Valley & Toledo R’y; 
Sam. Briggs, Connotton Valley R’y; John Newell, Lake Shore & Michigan Southern 
R’y; J. M. Ferris, New York, Penn’a & Ohio R. R.; J. E. Martin, Ohio Central R. R.; 
Geo. Skinner, Scioto Valley Railway; J. E. Turk, Valley Railway; M.D. Woodford, 
Wheeling & Lake Erie R. R. 

A few things remain to be said, which are of a somewhat personal character. 

I gave a promise to members of the 65th General Assembly, that this volume, for 
the preparation and publication of which they had made the necessary provision, 
should be issued in 1883, so that its distribution should be in their hands. sSubse- 
quent to the adjournment of the Legislature, however, I was made to believe that I 
could render a better service to the State by accepting for the summer a place 
on what is known as the Mining Screen Commission, provision for which was made 
by the same General Assembly, and the work of which was in part germane to my 
investigations in economic geology, than by pressing the volume to immediate issue. 
By this delay, the volume has gained 60 per cent. upon my original estimate of 700 
pages, the whole having been kept, however, within the appropriations made for a 
volume of that size. It is a pleasure to add that 1000 copies of the volume are to be 
placed on sale in the Secretary of State’s Office, at the actual cost of publication. If 
the whole edition were so placed, it would ensure a much better distribution than 
the previous volumes of the Geological Survey have had. 

I bespeak for the volume a kindly and candid reception. Its deficiencies of plan 
and execution, which are many, are better known to me than they will be to any 
critic. The responsibility for the volume has, however, been so placed by the Legis- 
lature that I cannot charge them over to any other person or party. Draughtsman, 
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engraver and printer have done all that was asked of them, and the final responsi- 
bility for all defects and errors reets with me. In undertaking to state such a multi- 
plicity of facts as the present volume includes, it cannot be but that errors will be 
made. Some minor ones have already been discovered. I may, perhaps, justly ask 
that accoant shall be taken ofthe fact that I have been obliged to do this work in 
conjunction with the duties of my professorship in the State University, and also by 
the fact that I have been held within close limits as to expenditure by an appropria- 
tion that was designed for a much smaller volume. The style of execution adopted 
for maps and illustrations must be considered with this fact in view. It was required 
that the volume on economic geology should be published economically if at all. 

So far as I have treated of our mineral fields, I have aimed to give uncolored state- 
ments, statements that will prove equally fair to the buyers and the sellers of 
mineral lands. We are so accustomed to exaggeration and overstatement in the 
description of mineral wealth that when the sober truth is told, it sometimes seems 
an intentional disparagement. Time will undoubtedly show that some of our present 
estimates are too low and others will be found too high, but from errors of this sort, 
none are exempt. E. O. 
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CORRECTIONS AND ADDITIONS. 


(Of the typographical errors that occur in the volume, most are of a sort that will occasion no 
obacurity. A few are noted that would prove misleading or confusing.) 
Page 88, 14th-line from bottom, for Freeport, read Kittanning. 
Page 142, 16th line from bottom, for Bellaire, read Meigs Creek or Barnesville. 
Page 288, 5th li.e from bottom, before Barnesville, read Meigs Creek or. 
Page 654, 6th line frum top, for 100, read 10. 
Page 714, 16th line from top, for 44, read 1-12. 
An unfortunate omission occurs in the list of the Early Blast Furnaces of Ohio, on page 450, and 
one or two corrections need to be made. 
The list shoüld begin as follows: 
1808, Hopewell Furnace, Poland, Mahoning Co., Duniel Heaton. 
1806, Montgomery Furnace, Struthers, Mahoning Co., Montgomery and Struthers, 
1807, Rebecca Furnace (Dale), New Lisbon, Columbiana Co., Gideon Hughes, kidney and lime- 
stone ores. 
Hopewell Furnace was sold in 1807 to Montgomery, Clendennin & Co., and it becomes the Yellow 
Creek Furnace, which heads the list on page 450. 
fhe list should be supplemented by the insertion of the following item: 
1840, —— Furnace, Calcutta, Columbiana Co., Arnold Downey, kidney and block ores. 


ECONOMIC GEOLOGY OF OHIO. 


CHAPTER I. 


THE STRATIGRAPHICAL ORDER OF THE LOWER COAL 
MEASURES OF OHIO. 


By Epwakp Orron, 


The classification of the coal measures of the Northwestern portion 
“ of the Appalachian field, which was proposed by Henry D. Rogers in 
the reports of the First Geological Survey of Pennsylvania (vol. IT, 
part I, p. 16), has been accepted and followed, at least in its main fea- 
tures, by all of the geologists that have subsequently worked in the ter- 
ritury to which this classification applies. 

Rogers recognized five sub-divisions or sub-formations of the rocks’ 
of this series, and to these divisions he assigned the following names, 
Viz. : 

Upper Barren Measures. 
Upper Coal Messures. 
Lower Barren Measures. 


Lower Coal Measures. 
Seral Conglomerate. 


ur eH 


To the lowest sub-division, viz., the Conglomerate, a thickness of 
500 feet was assigned in Western Pennsylvania, to the Lower Coal 
Measures, a thickness of 600 feet ; to the Lower Barren Group, a thick- 
ness of 500 feet ; to the Upper Coal Measures, 250 feet, and to the Up- 
per Barren Group, 950 feet. 
The vertical boundaries of the several groups were quite defi- 
’ 
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nitely fixed. The most uncertainty prevailed in regard to the lowest di- 
vision. A conglomerate formation is generally liable to abrupt changes 
in its composition, and this particular formation proves no exception to 
the rule. No easily distinguishable stratum could be found to serve for 
its lower boundary, and more or less confusion of thought is shown in 
regard to what the formation really included. 


The Brookville coal was taken, according to Lesley, as the true 
base of the Lower Coal Measures, and the Upper Freeport coal for the 
upper limit of this division. 

The third group has for its base the top of the Upper Freeport 
coal, and for its summit the bottom of the Pittsburgh seam. 


The fourth division extends from the Pittsburgh coal to the 
Waynesburgh coal, including both. 


The fifth division takes in the various rock formations above the. 
Waynesburgh coal as they occur in Western Pennsylvania. 


The Seral Conglomerate was always distinctly recognized and de- 
scribed as a proper and normal member of the Coal Measures, shown to 
be so by its frequently “containing regular and even thick beds of coal, 
identical in composition with the seams of the generally productive 
overlying group.” The Sharon coal in particular was. always placed 
beneath the Conglomerate, as the term was then understood, and sev- 
eral other seams were also counted as sub-conglomerate, or at least 
inter-conglomerate seams. 


The second Geological Survey of Pennsylvania, which is now in 
progress, has in the main confirmed and established these earlier sub- 
divisions of the coal measures. In particular, the constitution of the 
Seral Conglomerate of Rogers has been clearly worked out. This has 
been shown to be a complex formation, consisting of three main sand- 
stone or conglomerate strata, the lowest of which, viz., the Sharon Con- 
glomerate, directly underlies the Sharon or lowest coal seam. The 
middle stratum, often split into two and sometimes holding a thin coal 
seam between the two ledges, is known in Pennsylvania as the Conno- 
quenessing sandstone, and in Ohio as the Massillon sandstone. Above 
this stratum occurs the well-marked horizon of the Lower and Upper 
Mercer Limestones. Each of these limestones is underlain by a coal 
seam, and each frequently bears an iron ore. Above the Mercer lime- 
stones is found the third and last of the sandstone strata already referred 
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to. Neither this stratum nor the one below it is characteristically a con- 
glomerate in Western Pennsylvania, but both are best described as con- 
glomeritic sandstones. To this upper stratum, various names have been 
assigned. In the reports of the First Survey it was frequently called 
the Tionesta Sandstone. In the reports of the Second Survey it is 
designated not only by the old name, but by two additional names, viz., 
the Piedmont Sandstone and the Homewood Sandstone, the latter of 
these being most frequently used. 

These several elements constitute the Conglomerate Group, accord- 
ing to the most recent statements. A few feet above the Homewood 
Sandstone in normal sections, the Brookville coal, or Coal A of Les- 
ley’s earlier series, is found. The composition of the group is more 
clearly shown in the following diagram, Fig. 1, which is copied from 
Professor I. C. White’s Report on Mercer county, Q 3, Second Pennsyl- 
-vania Survey, page 33. The diagram is designed to give the typical 
section of the Conglomerate or Inter-conglomerate measures in Mercer 
county. The average actual thickness of this division in the counties 
bordering on the Ohio line is about 250 feet. 

It will be observed that four regular coal seams, viz., the Sharon 
coal, the Quakertown coal, the Lower Mercer and the Upper Mercer 
coals, have a place in this series, three of them being widely known and 
worked, and one of them, the Sharon coal, being of great economic im- 
portance. 
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FIGURE I 
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The second of Rogers’s sub-divisions, viz., the Lower (productive) 
Coal Measures, has for its boundaries, as will be remembered, the 
Brookville coal and the Upper Freeport coal, both being included in 
the series. As understood by the geologists of the First Survey, it em- 
braced the following principal elements, viz.: 


Upper Freeport Coal (Coal E). 

Freeport Limestone. 

Lower Freeport Coal (Coal D). 

Freeport Sandstone. 

Kittanning Coal (Coal (©). 

Buhrstone Ore. 

Ferriferous Limestone. 

Scrub-grass Coal. 

Clarion Coal (Coal B). 

Brookville Coal (Coal A). 
(Geology of Pennsylvania, H. D. Rogers, vol. II, part I, pp. 475-6.) 


To the elucidation of this very important division, the Second 
Pennsylvania Survey has devoted a great deal of labor, and while the 
order of arrangement given above has been abundantly confirmed, the 
series has been expanded by the introduction of several elements previ- 
ously unrecognized. There is not exact agreement among the excellent 
geologists that have been employed in the work as to the minute com- 
position of the group in all its parts, but any one of the general sections 
that they have furnished will be found to cover the essential facts. The 
section represented in the following diagram, Fig. 2, is taken from Pro- 
fessor White’s Report on Lawrence county, Q 2, page 22. 


In confirmation and establishment of this general section, the fol- 
lowing diagram, Fig. 3, represents the actual section that is found at 
New Brighton, on the Beaver river. A section obtained at Smith’s 
Ferry, near the Ohio line, is shown in Fig. 4. Both of these figures 
are taken from White’s Report on Beaver county, Second Pennsylvania 
Survey, Q, page 41. 
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The composition of these two sub-divisions of the coal measure 
rocks, as they occur in Western Pennsylvania, has thus been shown. The 
order of arrangement that has here been determined by the most thor- 
ough and the most closely connected stratigraphical work yet done in 
the United States, embodying as it does the harmonious results of a 
considerable number of well-trained geologists, who bave scarcely been 
limited by either time or money in the prosecution of their work, may 
be counted settled. | 

But the order of the coal measure rocks in Western Pennsylvania 
is in all respects identical with the order of these rocks in Eastern Ohio. 
The sections that have been selected to represent this order were all 
taken from near the boundary line between Ohio and Penneylvania, 
and the facts illustrative of this order are found equally on both sides 
of the line. 

The true sequence of the various beds of coal, limestone, iron ore, 
clay, shale, sandstone and conglomerate that make up these divisions, is 
a fact of nature, to be determined by a sufficient amount of geological 
exploration and geological sagacity, and when once clearly determined, 
it is determined finally, like the geographical facts of latitude and longi- 
tude, for example. 

But the work of classifying these several facts, and of arranging 
the strata in groups, larger and smaller, is a task of very different char- 
acter. The aim in all such schemes, of course, is to apprehend and in- 
dicate the salient features in the history which the rocks record, but in 
point of fact, all are arbitrary and artificial to a greater or less extent, 
and no geological classification can be counted final in the same sense 
in which a geological section can be so counted. 

The order of sequence of the coal seams that have been enumerated, 
for example, has now been definitely ascertained, and it is not therefore 
liable to be replaced by some other order or to be materially changed, 
but the division of these seams and of the strata associated with them 
into the two great groups that have been named above, viz., the Con- 
glomerate Measures and the Lower Coal Measures, rests on a very 
different foundation, and may well enough be called in question. It is 
quite certain that such a division would never have been made on the 
facts that occur in Western Pennsylvania. It was only by the establish- 
ment or supposed establishment of equivalency between the varied 
series of the lowest coal measures in the western part of the State with 
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the great Pottsville Conglomerate of Eastern Pennsylvania that the 
name Conglomerate Group came to be applied to these lower strata. 
Even though fully accepting this identification as a matter of 
geological history, it is still open to the working geologist to discard 
the sub-divisions that have been established upon it, and to count all 
the coal seams, enumerated above, as belonging to one unbroken series. 
In point of fact, there is no more marked separation between the highest 
coal seam of the Conglomerate series and the lowest of the Productive 
Measures than can be found between two coals of the latter sub-division. 
Newberry has always insisted upon counting all of the coal seams 
of Eastern Ohio, from the Sharon coal to the Upper Freeport coal, in- 
clusive, as belonging to the Productive Measures, and Lesley has 
distinctly intimated in recent publications of the Second Pennsylvania 
Survey that he holds a similar view, at least so far as the western part 
of that State is concerned. (See Report on Beaver County, Q, p. 65.) 
In the present report, the view of Newberry will be adopted as the 
most serviceable for the field with which we are dealing, and all of the 
coal seams named in the two general tables already given (Figures I 
and IT), will be considered as included in the Lower Coal Measures. 
This departure from the present Pennsylvania classification consists 
simply in the removal of a line of division which has no natural promi- 
nence in the coal measure rocks of Ohio. 
The composition of the conjoined series is repeated below so far as 
the leading elements are concerned : 


24. Upper Freeport Coal. 
23. Upper Freeport Limestone. 
22. Upper Freeport Sandstone. 
21. Lower Freeport Coal. 
20. Lower Freeport Limestone. 
19. Lower Freeport Sandstone and Shale. 
18. Upper Kittanning Coal. 
17. Lower Kittanning Coal. 
16. Kittanning Clay. 
15. Kittanning Sandstone. 
14. Ferriferous Limestone and Buhrstone Ore. 
18. Scrub Grass Coal. 
Clarion Coal. 
12. Brookville Coal. 
11. Homewood Sandstone (top of Pottsville Conglomerate). 
10. Tionesta Coal. 
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Upper Mercer Limestone and Ore. 
Upper Mercer Coal. 

Lower Mercer Limestone and Ore. 
Lower Mercer Coal. 
Connoquenessing Sandstone (upper). 
Quakertown Coal and Shales. 
Connoquenessing Sandstone (lower). 
Sharon Coal and Shales. 

Sharon Conglomerate. _ 


we PD PD ND © 


It will be remembered that this series has been brought directly 
up to the Ohio boundary. It has even been followed across the 
boundary by the geologists of the Pennsylvania survey for the purpose 
of comparing the formations of some of the border counties of the two 
States. It belongs in all respects as much to Eastern Ohio as to 
Western Pennsylvania. 

The purpose of the present chapter is to trace this series from the 
Pennsylvania line westward and southward through the State, and thus 
to secure as firm ground for the identification and correlation of the 
several elements of economic value which it contains as the present state 
of our knowledge will allow. 

The series cannot of course be followed as a whole. The natural 
sections which occur seldom exceed 300 feet in vertical range, and for 
the most part we are confined to much shorter sections, but there are 
several elements in the series so well characterized, that they can be 
identified with comparative ease and certainty wherever they are found. 

In addition to these single elements, there are some distinct groups 
of strata, including several of these well-marked and characteristic beds, 
and acquaintance with these groups may be made to greatly facilitate 
the work of tracing and identifying the series. The occurrence of a 
single stratum of the character referred to above is often enough to 
warrant the positive determination of the whole section in which it is 
found, but when one of these well-marked groups occurs, it “ makes as- 
surance doubly sure.” | | 

The single elements of the series upon which all men who have had 
occasion to study the Lower Coal Measures in either a scientific or a 
practical interest, have learned to rely with the greatest confidence, are 
the Limestones. The aggregate thickness of these limestones of the 
Lower Coal Measures is small; the thickness of the individual beds 
seems insignificant when compared with that of the strata that accom- 
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pany and enclose them, but it is beyond contradiction that these thin 
limestones are decidedly the most widely extended, and the most per- 
sistent of the entire series to which they belong. Ifa heavy deposit of 
conglomerate or pebble rock occurs in a section, it is sure of recogni- 
tion, but if we undertake to trace a series by means of such a stratum, 
we are liable to failure. Conglomerates are the most variable and in- 
constant of all sedimentary formations. A bed of soft shale without a 
pebble may hold the place of a coarse and heavy conglomerate, but a 
mile or two away. 

Limestones are hard and are therefore quite certain to attract at- 
tention in excavations and drill holes, and roadways. They are fre- 
quently replaced by flint, and the indestructible character of this sub- 
stance ensures the ready recognition of the horizon to which it belongs. 
The color of a limestone is often characteristic, so that it can readily be 
distinguished ırom associated beds. If fossiliferous, this fact is likely 
to attract attention. Limestones are soluble in atmospheric waters, it 
is true, but even when dissolved at their outcrop, their place is none the 
less distinctly marked by the soils to which they give rise, and by the 
kinds of vegetation which they support. 

Seams of coal have many advantages as guides to a knowledge of 
the true equivalence of sections. They are worked extensively and are 
therefore well known. The character of the coal, the number and 
kinds of the partings, the nature of the floor or roof, the color of the 
ash, and other similar facts often help us to carry coal horizons through 
hills or across valleys with as much confidence as visible continuity 
could inspire. 

Beds of iron ore are worked more largely in some districts than 
even the coal seams, and thus they render a similar service. Occasion- 
ally a stratum of fire-clay has some peculiar character or quality, or some 
unusual volume by which it can be safely used in determining the order 
of two or more disconnected sections. 

The sandstones on which so much popular reliance is placed in the 
identification of distant exposures of coal measure rocks, are in reality 
fallacious guides. Some of them, it is true, have distinctive marks of | 
bedding or grain or color, by which they can be safely followed across 
intervals, but many of the identifications that are dependent on them 
are incorrect and misleading. Sandstones and conglomerates owe their 
existence to strong currents, by which their materials have been trans- 
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ported, but such currents have also erosive power, and it has often hap- 
pened that by the removal] of the thin beds of coal, clay, limestone, or 
ore that rest upon a stratum of sandstone, another stratum is let 
directly down upon the former in such a way as to defy separation at 
the point where the erosion has occurred. In other words, two sand- 
stones, belonging to two distinct epochs of history, are made to appear 
as one undivided and continuous formation. Many cases of mistaken 
identifications in our series are due to such a line of facts as is set forth 
above. 

It will be well to describe in brief terms the separate elements and 
the combined groups of the Lower Coal Measures, which are most use- 
fal in establishing the order of the great series to which they belong. 

The limestones which are especially serviceable in tracing and 
identifying the various sections of the Lower Coal Measures are the 
following, named in descending order: 


3. The Freeport Limestones (upper and lower). 
2. The Ferriferous Limestone. 
1. The Mercer Limestones (upper and lower). 


These will be separately described. The combined group are the 
various beds of coal, iron ore, and fire-clay that accompany or include 
these several elements. 


I. Tar MERcER LIMESTONES. 


(©) The Lower Mercer Limestone is a thin but wonderfully 
persistent bed that has long been known and used as a geological guide. 
It received its name (Mercer Limestone) from the geologists of the 
First Pennsylvania Survey, and took quite a conspicuous place in the 
sections reported by them from the northwestern portion of that State. 
(Geol. of Penna., H. D. Rogers, vol. II, part I, p. 476, et al.) 

‚Much greater use has been made of it, however, by White and 
other geologists of the Second Pennsylvania Survey in establishing the 
order of the same portion of the coal-field. (See Report on Lawrence 
County, Q 2, page xxxi, et al.) 

The value of the same stratum in maintaining the order of the 
lower portion of the series in Ohio was first clearly recognized and 
emphasized by Newberry. (Report of Progress, 1870, page 16, et al.) 
In volume II, page 130, he suys of this limestone, that it may be traced 
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almost continuously from the Pennsylvania line to the Ohio, and that 


it is one of the most reliable and useful guides in the exploration of the 
country traversed by it. 

Andrews pronounced it ‘‘everywhere a guide to the stratigraphical 
position of the rocks below it” throughout Hocking, Vinton and Jack- 
son counties. (Report of Progress, 1870, page 93.) 

_ It is generally known in Ohio in the regions where it océurs as the 
Blue Limestone, but the name fixed upon it by Newberry, viz., the 
Zoar Limestone, has also come into common use. 

It is so nearly uniform in its leading characteristics that an ade- 
quate description of it in any one locality will answer without change 
for its whole extent. 

In color it is dark-blue, occasionally almost black. In thickness, its 
usual range is from one to three feet, but it sometimes reaches a thick- 
ness of ten feet. It is frequently doubled, a second stratum coming in 
a few feet above the main bed. It does not lie in massive nor in even 
beds. It is often shaly in structure. It contains a notable quantity of 
iron, alumina and silica as a rule, but it is sometimes pure enough to be 
used for lime or even for furnace flux. It is highly fossiliferous, con- 
taining a considerable variety of the usual coal measure forms. It is 
especially characterized by the large stems of crinoids, which make one 
of its noticeable features. When replaced by flint, as it often is locally, 
the flint holds the fossils of the limestone. 

The limestone is overlain throughout its whole extent by an excel- 
lent iron ore. The ore sometimes rests immediately on the limestone, 
and sometimes it is separated by a few feet of clay or shale. It is 
extensively worked in several districts of Ohio, and this fact makes the 
horizon much better known than it would otherwise be. 

In addition to the ore borne by the limestone, it is also to be noted 
that a widely distributed coal seam belongs to the Lower Mercer 
horizon. The coal is sometimes directly covered by the limestone, but 
it often lies ten or fifteen feet below the latter. It is of mineable thick- 
ness in many localities, but it is worked mainly in country banks, so 
far_as Ohio is concerned. 

The Lower Mercer Limestone, thus definitely characterized as a 
stratum, and thus re-enforced by the well-known and widely-worked ore 


. that it bears, and also by the coal seam that it covers, is, beyond 


question, the best marked formation in the Lower Coal Measures of Ohio, 
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and therefore the most available guide in establishing the order of this 
varied series of deposits. 

(6) At an interval varying from twenty to forty feet above the lime- 
stone already described, another limestone, bearing another ore and cover- 
ing another coal seam, is often found. It was first named by Rogers in the 
reports of the (first) Pennsylvania Survey, where it was designated the 
Mahoning Limestone (vol. II, part I, p. 567). This name has been 
dropped by the geologists of the Second Pennsylvania Survey for good 
reason, and the stratum is now known as the Upper Mercer Limestone. 
(White’s Report on Lawrence County, Q 2, p. 57.) It has been recog- 
nized by all of the geologists who have worked to any extent upon the 
Lower Coal Measures of Ohio, but the only distinctive name that has 
been given to it here is the Gore Limestone. (Geol. of Ohio, vol. III, 
pp. 898 and 903.) Newberry refers to it in Mahoning county (vol. ITI, 
p. 795), Reed in Coshocton county (vol. III, p. 567), and Andrews in 
Perry and Muskingum counties (vol. III, pp. 823, 824 and 825). 

It everywhere lacks the remarkable steadiness and continuity of 
the Lower Mercer Limestone, but in all other respects it is almost the 
exact counterpart of that well-marked stratum. It has, in the main, 
the same chemical composition, the same color, and other physical 
properties, and also the same fossils. In many instances the limestones 
can be distinguished only by their stratigraphical relations. But though 
generally agreeing with the lower limestone, it has some local peculiari- 
ties which serve to mark it for particular districts. In Central Ohio it 
is quite frequently a flint, constituting one of the main flint horizons of 
the series. Like the lower limestone it is occasionally, though rarely, 
found pure enough for furnace use. In such cases it assumes a lighter 
color, and this has sometimes led to its being confounded with a lime- 
stone that belongs above it in the series. 

The ore that accompanies it is less valuable than the Lower Mercer 
ore, but its coal seam is in Ohio of at least equal value with the Lower 
Mercer Coal. 

The interval between the limestones is generally occupied with fire- 
clay and shale, but sometimes a sandstone occurs. The clay beneath 
the Upper Mercer coal is occasionally a workable bed, and another 
workable bed is found associated with the Lower Mercer Limestone in 
many localities. 

From this brief description of the Mercer Limestones and of the 
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beds associated with them, it is seen how admirably adapted the lime- 
stones are as single elements, and the limestones with their ores and 
coals are, as combined groups, to become plain and trustworthy guides 
to the order of the Lower Coal Measures. When either of the lime- 
stones is found, it is hard to misinterpret the section in which it belongs, 
but when the six or more elements of the combined groups occur in a 
single section as they often do, there is no excuse for going wrong in 
the determination of its place in the general scale. 

Too much stress cannot well be laid on these elements. The Lower 
Mercer horizon, in particular, is the one undisputed and indisputable 
element in the Lower Coal Measures of Pennsylvania and Ohio. New- 
berry asserts in words that have been already quoted, that it can be 
followed almost uninterruptedly from the Ohio river to the Pennsyl- 
vania line. At this point, the Pennsylvania geologists take it up, and 
follow it in unmistakable continuity through the western and northern 
counties of the coal field. In any system of correlation or coördina- 
tion of the different portions of the Lower Coal Measures, this horizon 
must be taken as the common and accepted basis. 


II. Tue FERRIFEROUS LIMESTONE. 


The second of the series of widely extended strata that can be 
made to serve as a basis of identification throughout the Lower Coal 
Measures, to a greater or less degree, is the‘Ferriferous Limestone. This 
limestone is also the center of a group of beds, all of which are exten- 
sively worked, and therefore widely known, on account of their economic 
value. The group comprises, beside the limestone, the best iron ore, 
the largest clay deposit, and several of the most widely worked coal 
seams of the Lower Measures. 

The limestone derives its name, Ferriferous, from the fact that it 
carries upon its upper surface an iron ore of .great excellence, the basis 
of the old charcoal iron manufacture of Western Pennsylvania. (Geol. 
of Penna., Rogers, vol. II, part I, p. 491.) It has long been counted 
as a chief landmark in the geology of the districts in which it occurs. 
It was constantly used by Rogers in the construction of his sections 
(vol. II, part I, pp. 476, 484, 488, et al). It has held since that time 
the most important place in the determination of the order of every 
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district of Pennsylvania in which it occurs. The distances traversed 
in drill holes before reaching the lower coals or the oil sands are 
generally measured from the Ferriferous Limestone. 

In the region of its best development, the limestone frequently 
reaches and carries a thickness of 15 feet. It sometimes rises to 20 or 
even 25 feet, but over large areas it ranges between 1 and 5 feet in 
thickness. Widely extended though it is, it is etill subject to very 
rapid changes in volume, and even to frequent “ wants.” Generally, 
however, the stratum leaves some mark by which its place can be de- 
termined, even though the limestone has entirely disappeared. 

It is the largest and most massive limestone of the Lower Coal 
Measures, and the only one pure enough to be used generally and in the 
large way as fluz for iron furnaces. It is charged with a larger and 
more varied series of fossils than any other limestone of the Lower Coal 
Measures. 

In color it is light-gray in its upper portions, and grayish-blue in 
its lower beds, but where the limestone is thin, the whole deposit is often 
of the latter shade. 

It frequently bears a deposit of buhrstone or flint upon its upper 
surface, and this always makes a characteristic and permanent feature 
in the sections that contain it. 

The buhrstone carries the most famous and valuable iron ore of the 
Lower Measures, to which reference has already been made. 

The limestone sometimes exists in two distizct beds, separated by a 
thin stratum of fire-clay or shale. In some instances a small coal seam 
comes between the two beds. When thus separated, there is a marked 
distinction in color between the benches, as noted in a preceding para- 
graph. 

White has called repeated attention to the fact, that whenever in 
Western Pennsylvania or Eastern Ohio the limestone grows thin, it ex- 
hibits ‘cone in cone” structure. (Second Penna. Survey, Q, p. 62, 
Q 2, p. 47, et al). No other horizon near this is known to have this 
peculiar structure, and therefore this mark when recognized becomes of 
practical service to any one engaged in tracing the series. 

Two coal seams occur below the limestone and help to mark the 
general horizon. The place of one of these seams, which is known as 
the Scrub-grass coal, is directly beneath the limestone. The second or 
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Clarion coal is found from 15 to 30 feet below the limestone. By some 
‘of the Pennsylvania geologists the Scrub-grass coal is held to be a split 
from the Clarion. (Second Penna. Survey, V.V., p. 49). From this 
point of view the seams can well be designated the Lower and Upper 
Clarion coals. The lower seam has considerable economic value in 
Western Pennsylvania. 

At a general distance of 30’ to 40’ above the limestone, but some- 
times coming within 10’ to 15’ of it, there is found a coal seam that is 
as persistent and as largely worked as perhaps any seam of the lower 
series. It is the Kittanning coal of Rogers or the Lower Kittanning 
coal of the Second Pennsylvania Survey. 

Below the Kittanning coal occurs the Kittanning clay, by far the 
most important deposit of its kind in Western Pennsylvania or Eastern 
Ohio. This seam is the basis of a large manufacturing industry in the 
Ohio Valley. 

The elements named above, beginning with the Lower Kittanning 
coal, and ending with the Clarion coal, constitute what may be called 
the Ferriferous Limestone Group, a set of beds so well characterized, 
possessed of so much and so varied economic value, and so largely 
worked, that to follow them through the districts which they occupy. is 
comparatively a plain and easy task. | 

The Ferriferous Limestone Group is represented in the accompany- 
ing general section, Figure V. 
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The Ferriferous Limestone is by no means as serviceable a guide 
for the entire coal field of Ohio as it has been shown to be in Western 
Pennsylvania. Great differences of opinion have existed in regard to 
what constituted its extension from Pennsylvania into Ohio, but although 
these questions have been definitely settled by the work of the recent 
Pennsylvania Survey, and although we now know which of the lime- 
stones of Mahoning and Columbiana counties are the proper and bodily 
continuations of the Ferriferous limestone of Lawrence and Beaver 
counties, Pennsylvania, there are still unsettled questions as to its west- 
ward extension through a number of counties. In Perry county, how- 
ever, the limestone comes in again with its flint and ore, in unmistak- 
able identity, and from this point southward to the Ohio river, it as- 
sumes the same central place in the Lower Coal Measures that it holds 
in Pennsylvania. 

In thickness it does not reach the highest measures attained in 
Pennsylvania, ranging here between 2 and 8 feet, but in chemical com- 
position, in fossil contents and in physical properties, it is the counter- 
part of the stratum in Pennsylvania. There is associated with it the 
same flint and ore, and it holds quite similar relations to the coal seams 
above and below it in the scale. 


This limestone received the same name in Southern Ohio that it 
bears in Pennsylvania, viz., the Ferriferous Limestone, but it was by a 
happy accident, for at the time that its name was given, its identity with 
the seam to the eastward was not suspected by the geologists who were 
at work upon the coal measures. (Report of Progress, 1870, p. 61, etc.) 
It is commonly known in the region referred to as the Gray Limestone. 
It was also named the Hanging Rock Limestone in Vol. III, Geology 
of Ohio, p. 892, et seq. 

The section of the coal measures of which the Ferriferous Lime- 
stone is the center, is thus seen to have had a symmetrical development 
on the opposite and widely separated sides of the basin in which and 
around which these various elements were formed, but a different state 
of things is found to have existed on the northern border of the basin. 
From the eastern side of Mahoning county to the center of Perry 
county, the Ferriferous limestone is either feebly developed and ob- 
scure, or is altogether wanting. So far as this one element is concerned, 
it has lost the character of a guide, and considered by itself it cannot 
be followed with ease or certainty across the interval. But in this very 
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interval where the Ferriferous limestone has grown weak and uncer- 
tain, another limestone of the same general character is found, which 
completely bridges the chasm, and by means of which we are able to 
maintain the unity of the series unbroken. This is the Gray limestone 
of Newberry and the original Putnam Hill limestone of Andrews. 


Newberry made constant use of itas’a guide through Stark, Tusca- 
rawas, Holmes, and Coshocton counties. He conjoins it with the Lower 
Mercer limestone as to steadiness and extent, claiming for it as for the 
latter, that it can be followed ulmost uninterruptedly from the Pennsyl- 
vania line to the Ohio river. (Vol. II, p. 130). This claim cannot be 
substantiated in the light of what is now known, so far as the southward 
extension of it is concerned, but the limestone can be followed by fre- 
quently recurring and unmistakable exposures from the western side 
of Mahoning county as far as New Lexington, Perry county. It can 
be traced, indeed, further than this in both directions, but it is no 
longer a guide. It must itself be followed by the aid of other and bet- 
ter marked strata, the Ferriferous limestone being the most available 
of all. 
The Putnam Hill limestone underlies the Ferriferous limestone by 
15 to 50 feet. The usual interval. may be counted 30 feet. A coal 
seam occurs directly below it, which is often of workable thickness and 
sometimes of great economic value. It is Coal No. 4, of Newberry, in 
the counties already named. A considerable bed of plastic clay is found 
below the coal, which is worked in some instances. 

- Like the Mercer limestones below it, the Putnam Hill limestone 
generally bears a block ore. The ore is of good quality and is some- 
times mined in a small way. 

In color, the Putnam Hill limestone is intermediate between the 
Lower Mercer and the Ferriferous limestones. If it were not for the 
contrast with the former, it could as properly be called blue as gray. 
If it had been contrasted with the Ferriferous limestone instead, it 
would certainly have received the former designation. It is indistin- 
guishable from the better phases of the Upper Mercer limestone, and 
has often been confounded with it. Both of them figure in Ohio geology 
as gray limestones. When it is remembered that both of them overlie 
coals, that both bear block ores, that both are charged with the same 
species of fossils, it can be seen that the stratigraphical order may be 
necessary to determine to which horizon any given outcrop belongs. 
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The Putnam Hill limestone is from 25 to 50 feet above the Upper 
Mercer limestone, and from 50 to 90 feet above the Lower Mercer. 
The more common figures for these intervals would be, respectively, 40 
and 70 feet. 


By the aid of this steady and conspicuous stratum, it is possible to 
follow the horizon of the overlying Ferriferous limestone through the 
counties in which it fails as a regular deposit. The horizon is marked 
by occasional outcrops of limestone or flint, or by calcareous sandstones. 
Seams of ore and coal are also found at the same general level. . 


The Putnam Hill limestone does not extend into Pennsylvania, so 
far as is knowr, but its underlying coal can be followed across the bor- 
der, where it becomes one of the well-known and widely extended 
seams of the Lower Measures. It is the Brookville coal of Rogers, 
Coal A of Lesley, with but little deubt. 

The discussion of the Putnam Hill limestone at this time is inci- 
dental to the main purpose, which is to show the continuity of the more 
important Ferriferous limestone. 


III. Tue Freeport LIMestoneE (UPPER). 


The Freeport Group is the third in ascending order of the several 
series which extend widely through the Lower Coal Measures, and of 
this group the Upper Freeport Limestone is the most constant and well 
marked element. Like the limestones already described, it was first 
named by the geologists of the First Pennsylvania Survey (vol. II, 
part I, pp. 477, 492, 572 and 579). It is described by Rogers as a 
nodular limestone, in Western Pennsylvania, light blue or dove colored 
when freshly broken, but weathering yellow on account of the iron con- 
tained in it. The nodules are described as imbedded in clay, and as 
containing minute fossils. 

In White’s Report on Beaver county (Second Geol. Survey, Q, 
p. 47), the limestone is characterized as follows: “ This member of the 
series, unlike its overlying coal, is quite persistent, and retains a some- 
what uniform size and similarity of character over the entire district. 
It thus becomes a very important guide. Most generally it is of a light 
gray color on fresh fracture, but it nearly always contains enough iron 
to render it buffish on exposure, and sometimes even enough to con- 
stitute it a valuable ore. . . . It is nearly always more-or less 
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brecciated, and often looks as though it was composed of the broken 
and worn debris of some other limestone. It is usually very hard and 
compact, and is.never fossiliferous, the most careful search in hundreds 
of localities having failed to discover anything in the shape of fossils in 
it, except a minute univalve of almost microscopic proportions. The 
entire absence of organic remains from this limestone is 8 very singular 
feature when taken in connection with the fact that other limestones of 
the coal measures, both above and below it, are crowded with them, 
and it may well point to a marked difference in the condition of their 
deposition. This limestone may be of fresh water origin. . . . It 
contains so much earthy matter and other impurities that it is often 
very difficult to get it to slake, and hence it has rarely been burned. 
Its average thickness is about 3 feet.” 

The well-known Upper Freeport coal lies a few feet above it when 
the latter is present in the section. At about 40 feet below it is the 
place of the Lower Freeport coal, also an important seam. This coal 
also has a limestone, the Lower Freeport limestone, below it, and it 
agrees quite closely in general characters with the seam described above, 
except that it is very much less persistent. A heavy sandstone frequently 
underlies the Lower Freeport coal. It is the Freeport Sandstone of 
the First Survey, and the Lower Freeport Sandstone of the Second 
Survey. An ore seam of some local value is often found at about 15 
feet below the Upper Freeport limestone. The interval between the 
two Freeport coals is also occupied by a sandstone in some cases, but 
generally it is filled with shale or clay. A bed of non-plastic fire-clay 
is quite a regular element in the series, the place of which is just below 
the Upper Freeport limestone. It is the Bolivar fire-clay of Indiana 
county, Pennsylvania. 


All of these elements have been recognized and described in Ohio 
Geology, though the continuity of the series has been sometimes lost in 
tracing it westward from Columbiana county. 


The Upper Freeport limestone of Beaver county, Pennsylvania, 
extends without interruption into Columbiana county, Ohio. It was 
here recognized in its true character by Newberry, though he frequently 
uses the local name White limestone in speaking of it. Newberry also 
identified the same stratum in Green township, Mahoning county. It 
is certain that the Goodman Hill limestone of this locality is one of the 
Freeport limestones, but it may prove to be the lower of the two. The 
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Lower Freeport limestone has the same characteristics as the upper, 
and both are found in this portion of the State. 


Westward and southward from these counties, the Freeport lime- 
stone, though everywhere present, and agreeing in all respects with the 
exposures in Eastern Ohio and Pennsylvania, has lost its proper name, 
and has received several local designations. It is one of the buff lime- 
stones so frequently referred to in Newberry’s reports on Stark and 
Tuscarawas counties in connection with the black-band horizon. It is 
the buff limestone under the Cambridge and Alexander coals of 
Andrews’s reports on Muskingum and Perry counties, and in the report 
on the Hanging Rock district, it figures as the Shawnee limestone. 
(Geol. of Ohio, vols. II and III.) 

All of the elements associated with the limestone occur in Ohio in 
exactly the same order as in Pennsylvania, and can be followed with 
unmistakable distinctness entirely across the field. 
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These three limestones and the beds associated with them, as 
already described, constitute the most available guides to the order of 
the Lower Coal Measures. They all exist in normal development in 
Ohio, as has been already shown, and the only question as to their 
successful use turns on the possibility of identifying them with certainty 
in their varied and perhaps widely-separated exposures. Can any one 
of these limestones or any one set of the beds that have been grouped 
together, be clearly and positively distinguished from every other, or is 
there danger of confusing and confounding two or more distinct hori- 
zons? The answer to such questions is that the several elements and 
groups already named are so sharply distinguished and defined that no 
geologist who has at once an adequate knowledge of the coal measures 
in general, and of the particular district which he is examining, can be 
left in doubt as to any of these horizons wherever they are found in 
good development. 


In the following diagram, Fig. VII, the usual relations of these 
several limestones to each other is indicated. The intervals given are 
those more commonly found in Northeastern Ohio, but it must be borne 
in mind that they expand rapidly towards the southeast. 


The aim of the present chapter is to show a true order for the 
Lower Coal Measures of Ohio by the proper use of the leading and 
determinable elements to which attention has now been called, and by 
such other elements as shall be found adı.pted to the purpose. 


Beginning on the eastern border of the State we find in Mahoning 
' county a geological section that is in all respects common to Ohio and 
Pennsylvania. The Mahoning river flows out of Ohio into Pennsyl- 
vania, opening a deep valley into which numerous tributaries descend 
from the high lands on either side, disclosing almost every foot of the 
strata that they cut in their numerous sections. 


The sections at and about Lowellville are clear and accessible, and 
they have been made to do geological service more than once. New- 
berry publishes a section from Lowellville as illustrative of the geology 
of the valley, in his report upon Mahoning county. (Geology of Ohio, 
vol. III, p. 804). White gives several sections from this vicinity in his 
report on Lawrence county and the Ohio line (Q 2, p. 219). 








' 
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FIGURE YA 
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The above section, Fig. VIII, is taken from Grindstone Hollow, 
within 4 mile of Lowellville. It reaches to the summit of the hill on 
James S. Moore’s farm. It accords with the sections named above in 
all essentials. Three of the strata that have been described in the pre- 
vious pages as determinative of the sections in which they occur, are 
found here. They are the Lower Mercer limestone, the Upper Mercer 
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limestone, and the Ferriferous limestone. There are no open questions 
as to these identifications. The Lowellville upper limestone is the Fer- 
riferous limestone of Pennsylvania, if there is any such stratum. 
White’s connected sections give a complete demonstratioa of the points 
involved in this identification. (Report on Lawrence county and the 
Ohio line, Q 2, pp. 215 et seq.) 

The two limestones next below have an equally clear title to the 
names by which they are respectively designated, the Upper and the 
Lower Mercer. 

To interpret this section, there is ‘plaeed by the side of it a section 
covering the same range, Fig. IX, combined from the two diagrams 
already introduced, to illustrate the geological order of Western Penn- 
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By a comparison of the Lowellville section with this general sec- 
tion, it will be seen that the coal 30 feet above the Ferriferous limestone 
is the Lower Kittanning of Pennsylvania (Kittanning of Rogers, Coal C 
of Lesley). The well-known Kittanning clay-bed appears beneath it. 
Under the Ferriferous limestone a small development of the Scrub-grass 
(Upper Clarion) coal is seen. | 

The Clarion (Lower) coal is wanting in the section, but the eight- 
inch coal, 50 feet below the limestone, will answer well for the Brook- 
ville coal (Coal No. 4, of Newberry, in Stark county). The distance to 
the limestone horizon is somewhat iarger here than it is to the westward. 

The thin seams of coal above the Upper Mercer limestone obvi- 
ously represent'the Tionesta coal. A seam ranging from 2%’ to 4’ in 
thickness is found within a short distance on the other side of the river 
at this horizon. 

The Mercer coals show for themselves, and need no comment. 
These are coals 3 and 3a of Newberry, in Stark county, and to the 
westward. 

The horizons of the Quakertown and Sharon coals are reached 
lower down, but neither of these inconstant elements appears in the sec- 
tion. The ore-bearing shales that overlie the Sharon coal are, however, 
distinctly shown throughout this region, and have been worked for the 
ore to a considerable extent. 

The distance between the Lower Mercer and the Ferriferous lime- 
stones in the Lowellville section is 143 feet, but this is in excess of the 
usual measure by 20 to 30 feet. The Lowellville measurement is in 
fact a maximum, while the same interval in adjacent sections, as shown 
by Newberry and White, is reduced to 105 or 110 feét. The average 
of 6 sections in the vicinity is 121’, and the usual measurements of this 
interval in Mahoning county will range between 105’ and 125’. The 
place of the Block coal is.about the same distance below the Lower 
Mercer limestone that the Ferriferous limestone is above this stratum, 
so that the average distance of the Block coal in this region below the 
Ferriferous limestone is 250°. Its maximum would reach nearly 300 
feet. ' 

The outcrop of the Ferriferous limestone at Lowellville is the last 
one found in ascending the Mahoning Valley. None of the hills that 
border the valley above this point are high enough to reach its horizon, 
but the Mercer limestones continue in excellent and unmistakable de- 
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velopment. All the principal streams in Poland, Youngstown, Austin- 
town, and Canfield disclose them either in the main valleys or in their 
tributaries wherever their horizons are reached. Newberry pronounces 
the Lower Blue limestone (Lower Mercer) “the most constant lime- 
stone bed in Mahoning county,” and his sections and statements show 
its presence in all of the northern townships. (Geology of Ohio, vol. 
III, p. 794). | 

It is extensively quarried in Austintown and Canfield for furnace 
use, and its underlying coal, No. 3, of Newberry, for this district, has 
been mined for a number of years for shipment in the same towns. .. .~; 

An interesting section given by Newberry shows the Putnam Hill 
limestone coming distinctly into the Mahoning county series, to re-en- 
force these other well-known elements. A boring was made on the 
south line of Youngstown township, not far from Fosterville, which 


gives the following record (vol. III, p. 803): . 
Feet. Inches. 

1. Earth nn 23 9 

2. Black sheatle.......cccoccccecccssccccccscesssccccsscescccssscececscosssnscsesssescecos 56 6 , 
3. Sand-rock ........sccscoscecccccsccscacccncnsesseeee cnscessncnscsersescncecescoere „ 12 

4. Gray shale .......00000 200000 00n0nn snnnnnonnuno coonsesenseetesens Loses sense nanene 17 6 

b. Lamesione ......cecssccvccscceccscncs sens a eseeencccens cesses nesses soccer cesenseeness 2 7 

6. Brown shalle............scscccscsssccscssccccssssccseesecsesseusceneccssccccesensss 5 

7. Gray sandy shale ...........cccccsccercosceesseces cesses sossee te. sesnenecs scons al 5 

8. Limestone „22020002 :uonosnnunnsnensunnnnnnnnnnssnnnnnnren sannunensansuensnansenenee 3 9 

9. Gray shale..........usososnnusnressusssuunununen cascscccscccccsces senses caseosesees 31 8 
10. Limmestone....ccccccccscseoe cocccccesccsncenee coscncucseccasccsccsssscnscscesscesses 6 

1]. Reddish sandy shale ...............ccccceccecscssscnscarserccssonseoes Leaneeeee 23 

12. Brown shale...........cccccccscesccensscsescncecacccescssssccsssescsececes nenne - 25 

13. Gray sandy shale ............soauonnnssussuuunonanonsnununnonunensen suonenonnnnn 3 

14. Sand-rock .......scccsceccsccecccncsansccescacssccccsestcssssscessvecserensces esses 18 

15. Gray shale...........orousosnenennssononanenonsnsnsnnnenennonenens ene neeeeeaenesees 24 

16. Black shale...............-  ssscce cocsnccscuscsccsccseccsces cesses ceeccsvestevees 1 6 
17. Coal No. 1 (Block coal) .........ccccecsccscscsscsesccccassecne tenses cesescocucs 5 


In this series, No. 10 undoubtedly stands for the Lower Mercer 
limestone. The interval between it and the Block coal is somewhat 
less than usual, but this measurement does not stand by itself. New- 
berry gives 100 to 150 feet as the range of this interval in the county, 
and a measurement of 125’ or thereabouts has already been named as 
the usual one. No. 8 of the section is by the same token the Upper 
Mercer limestone, while the third limestone, or No. 5 of the section, 
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holds the proper place for the Putnam Hill Limestone, and marks the 
easternmost point to which it has been distinctly traced. The black 
shale, No. 2, which is the first bedded rock found in the drill-hole, is 107 
feet above the Lower Mercer limestone, and probably finds its place at 
or near the horizon of the Ferriferous limestone. A bed of black slate 
is the most common representative of this horizon when the limestone 
itself is wanting. The Upper Clarion coal also belongs in the same 
neighborhood and might show as a black slate here. 

The various outcrops of the strata in the townships of Canfield and 
Green furnish, however, the best section of this portion of the field. 

Ascending Mill Creek from Youngstown and its chief tributary, 
Indian Creek, from near the center of Boardman township, we pass 
successively over the horizons of the Sharon Conglomerate, the Sharon 
coal, the Massillon or Connoquenessing sandstone, until in the south- 
west corner of section 22, Canfield, on the farm of D. Heintzelman, we 
find the Lower Mercer limestone, with its coal and ore, lying at the 
drainage level. The exposure is clear and unambiguous. The Upper 
Mercer coal has been worked for local supply immediately above it, 
and the interval is found to be the usual one, 35 feet. 

The Upper Mercer coal is also worked on the adjoining farm of 
Wm. J. Swanston, section 21, and here a measurement is obtained to 
- the Canfield Cannel seam which has been opened and worked on a 
small scale. The seam can be followed with perfect distinctness to this 
point from the farms where it has been most largely worked. 

The cannel seam lies 85 feet above the Upper Mercer coal, and 
120’ above the Lower Mercer limestone. 

The cannel seam has been traced and proved through all the cen- 
tral portions of Canfield township, and a section similar in all respects 
to the one already given, can be obtained by following up the Meander 
Creek and its tributaries on the northwestern side of the town. 

The Lower Mercer limestone and its coal and ore are found in fine 
development in this part of the township. The limestone has been 
quarried for shipment to the Leetonia furnaces on sections 3 and 4, and 
on the same sections, Wick and McDowell have mined, for the genera] 
market, the Lower Mercer coal. 

On section 6 the Upper Mercer coal is worked quite extensively to 
meet a local demand. It is known as the Bruce or Kirkpatrick coal in 
this part of the township. It'is overlain by its limestone in many in- 
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stances. The seam is identified by Newberry at all of the points, named 
as Coal No. 3a of his scale. The cannel seam may be the next one 
found in this immediate vicinity above the Upper Mercer coal, but it is 
certainly not the next in the series. This is the most prolific portion of 
the Lower Coal Measures, and we cannot find in any part of it an inter- 
val of 85’, nor of even half that distance from any coal seam to the next 
one, that is due above it. The measurement already given shows ap- 
proximately the place of the Canfield cannel in the series. It belongs to 
the horizon of the Ferriferous limestone. Other facts will presently be 
brought forward establishing this conclusion, but it is to be distinctly 
noted that it is not No. 4 of the Stark county series. That coal seam 
belongs to the horizon of the Putnam Hill limestone, which lies from 
30’ to 50’ below the cannel coal. 


The cannel seam can be traced without difficulty into section 30, in 
the southwestern corner of the town. It has there been mined for local 
supply for a number of years on the farm of John Ewing, but it is no 
longer cannel. It consists here of two feet of bituminous coal, overlain 
with six inches of cannel. 

Two coal seams are found at this horizon, on the Ewing farm, a 
peculiarity which greatly aids in tracing and identifying the horizon to 
the southward. .Below the cannel and separated from it by a bed of 
fire-clay, a lower seam appears. The interval at Ewing’s is 8’. The 
lower seam is reported to be between 2’ and 3’ thick. Fragments of 
blue fossiliferous limestone are seen where the earth has been moved to 
reach the cannel, but the exact relation of the limestone to the’ coals 
could not be determined here. Only the upper coal is worked at this 
point, and this in a small and irregular way. 


The White limestone of Nicholas Goodman’s hill, Green township, 
is but a mile from the Ewing coal, and the section already obtained was 
extended by measuring the interval between these two well-known hori- 
zons. The level gave 135’ for this interval, but as the measurement was 
made in the direction of the dip, it will be necessary to add 15’ to 20/ 
on this account. The White limestone is thus seen to be 150 feet above 
the Ferriferous horizon, 270’ above the Lower Mercer limestone, and 
approximately 400 feet above the Block coal. 


The limestone belongs unmistakably to the Freeport group, as 
Newberry has shown. It is a buff-colored, earthy, nodular, brecciated 
non-fossiliferous limestone, passing into an impure and worthless iron- 
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ore by scarcely-marked gradations. It lies in two distinct benches, that 
are separated by about 5’ of fire-clay. It may prove to be the Upper 
Freeport limestone, but the double structure and the measurements cor- 
respond better with the Lower Freeport limestone. Both are found 
throughout the district to the southward, and in their ordinary phases 
are as hard to distinguish from each other as the Mercer limestones are. 


A heavy sandstone is found covering the Canfield cannel seam in 
almost all of the drill-holes. Few opportunities are found for examin- 
ing this stratum by outcrops, on account of the drift beds which cover 
and obscure the surface. It is probable that the lower portion of this 
deposit is the Kittanning sandstone, a steady stratum in Pennsylvania 
that separates in part the Lower Kittanning coal from the Ferriferous 
limestone, but from the drill records it would seem that a higher sand- 
stone, the Lower Freeport, presumably, has cut away all intermediate 
beds, and for a limited area has dropped dewn directly upon the lower 
sandstone, thus making a stratum of greater thickness than any one bed 
would warrant, and obliterating an important part of the record. The 
absence of the Kittanning coal from the Canfield sections seems to re- 
quire such an explanation. It is well developed in the adjoining town- 
ship of Green, and has been mined very largely there for a number of 
years. 

' At Cook’s crossing, on the Niles and New Lisbon Railroad, in sec- 
tion 11, Green township, on the farm of J. M. Pettit, and in the valley 
of the Cherry Fork of Little Beaver, the Canfield cannel seam has been 
quite extensively worked. As in the last instance, it is no longer a 
cannel, except for a few :nches at the top of the seam. The same dupli- 
cation of the seam that was described on the Ewing farm is also found 
here. The interval from the main coal to the lower seam is less than 
before, only about one foot of clay being found at this point. The lower 
coal is worthless. The Pettit coal has been identified as the Canfield 
cannel seam, by means of the numerous holes that have been drilled to 
prove the extent and character of this seam, and all of the facts match 
to this view. 

The coal lies 2Y feet below the railroad track, at the foot of the old 
shaft, but its floor is very uneven, and there is said to be a difference of 
20 feet in the mine between the swamps and the hills. 

A mile and a half south of this mine, at Green Station, the Lower 
Kittanning coal makes its first appearance. This is Coal No. 5 of New- 
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berry, in Tuscarawas and Stark counties, as will presently be shown. 
It has been mined here by Andrew Reichstadt on section 23. It lies 
15 feet above the railroad, or about 40 feet higher than the Canfield 
seam at Cook’s Crossing. At this point the Kittanning coal has a struc- 
ture quite similar to that of the Ewing and the Pettit coal, last de- 
scribed. There are 24 deet of bituminous coal, overlain with 4 to 6 
inches of cannel. This agreement in structure has led many to consider 
the Reichstadt coal to be the same seam as the Canfield cannel, but the 
facts do not sustain this view. 


The Kittanning coal can be followed from Green Station to the 
southward along the valley of the Cherry Fork, without difficulty. It 
falls a little faster than the valley, so that at the Walters Mine, section 
35, Green township, it lies about level with the railroad. According to 
the view adopted in this report, the Canfield cannel seam, if present, 
should he found about 40 feet below the Walters coal. The seam is 
present, has been reached by a shaft at a depth of somewhat more than 
40 feet, and has been mined in connection with the Kittanning coal 
above it. The section between the coals is as follows, according to the 
record of Mr. John Walters, who sunk the shaft: 


Fire-elay ......cccnccccses cusccscccscscecccccsccscesssessoe sccasenscscssecccesesesecsssasons 7 feet. 
Gray shale ..........sccar-sccsscesces sosescscesccesses senses cee senses seecesesessosssceees 13 “ 
Dark shale ........zusu2es000nononannnosnunnosnnnnnnneneonennnsensnnsunnunsnune sosssssecess 18 “ 
Chip slate, fossiliferous.......c.cesscssessseseeees . 

Calcareous nodules .......cecsssoscccssscsscnssesece \ Seonnnsassonsnssnnnnennn rennen nenne 4 “ 
Cone-iN-CONE zunenenenonenonsnenssnnnennnun sonen nanenn 

Coal .....ccccccsscecons cecnsse sence secessrescsscessencnscescssscenecsencessavessccees soseee ay 
Clay ......cscscocseseccsessscsscncecsnecsssssssssenescons seceseseeeesseccsecesecseas scseccens 2 * 
Coal (not mined).......ccscsscs cosssessscseecsssescasssceaecossecccacesecnsseateserecen 1 foot. 


This section is very instructive. It not only discloses the Canfield 
seam in its proper place, but it also serves to establish the identity of 
this seam with the Ferriferous limestone horizon. It will be remem- 
bered that the concretionary structure, “ cone-in-cone”, is a constant 
mark of the Ferriferous limestone horizon, whenever the limestone 
growsthin. The heavy bed of clay under the Kittanning coal is also 
characteristic. In fact the whole section is in all respects normal. 

Two feet below the lower coal, and separated from it by fire-clay, 
the same worthless seam that comes in to the northward is found, com- 
pleting the demonstration of identity. 

3 G. 
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At Washingtonville and Leetonia the Kittanning coal has been 
worked for a long time and in the large way. ' It is a coking coal] of 
great excellence, and the furnace fuel manufactured from it is not ex- 
celled in the State. 

By those who have counted the Leetonia coal the equivalent of the 
Canfield caanel, the same number has been placed upon it that the lat- 
ter seam is made to bear, but “ Coal No. 4,” at Leetonia, is entirely dis- 
tinct from the other two seams to which this number has also been 
given. 

Counting the Leetonia ceal as the Lower Kittanning seam, and 
supposing the series south of the Canfield divide to agree substantially 
with the series north of the divide, which has already been represented 
in section, a shaft sunk at Leetonia ought te cut the following strata in 
the general order named below: 

At 45 feet below the Leetonia coal, the Canfield eannel seam should 
be found. At 125 feet the horizon of the Upper Mercer group should 
be reached, and the Lower Mercer horizon at 160 feet. Ifthe Gray or 
Putnam Hill limestone were to occur, its place would be 80 to 90 feet 
below the Leetonia coal. 

A number of holes have been drilled at Leetonia by the furnace 
companies, and the records have been kept with care. From the regis- 
ters of six of these holes, one is selected that fairly represents them all. 

The record of Drill-hole No. 1, on the Grafton Furnace property 
is as follows, no change being made in the transcript, except to point out: 
the place of the Leetonia seam : 


Feet. 
1. Tosand-rock .......ccsccscscssecscscccscncccsccsccccscncesscsesceccscscssesesensnacs 87.00 
2. To gray slate ......cscccsccccccrcccscccccccsccscscnsccscncecsccccoesnccscceccusoscses 87.08 
8. To Fist Coat Space (Leetonia seam, % 4’”)..........cccsscssecccssces 100.00 
4. To limestone ore& .......ouuesnenunsnuosonuunnsnsnonssennnussnnunsnsnnuononsenennes 102.04 
b. To gray slate ..............000 ecsccecerscscsrscenvcccsccccnsces - snnnunenunenunsenunn 104.00 
6. Toiron ore.......c0.se000aunensnsnununsuunsonunnnunnsnnenannannnnnnunerenensenusnnee 116.40 
7. To gray slate, light .........scscsccsssscececcscesceccsccsccsscesscecne veces cesses 116.10 
8. To gray slate, dark ...........cccccsscscccscccccccccceccssreccscceses seccescsees 127.00 — 
9. To SEconD COAL SPACE (87) .....uusssusssensussssenssnunonnuenennnsonsnsnunnen 147.60 
10. To flre-clay..........cccsccccrssscsscscceses sscceesessccassncssscecevecsescesscseseces 150.60 
11. To soap-stone slate ......asussesonssensnonsnunosonunnenenussnnenssunnuens nannenene 165.00 
12. To dark clay ...... 00000202 coscccees nunsnunsnnennnnennnuunnununnnnsnssnennnunnsnnene 171.60 
13. TofTHrmp Coan Space](3° 47”)......ccccccces snanunene cocnscscscecescncssceces 175.40 
14 


« To gray slate rock .......cscccsccsccceccccccscorsscscsensceccncces cece senscccscors 178.80 








36 Ä GEOLOGY OF OHIO. 


Feet. 
15. To Gray Lime....... Besosnssnansunssunenunnuenssnnsnonuonuunssunssnsnssnnnesensnee 190.20 
16. To gray slate .........00000s000000nonensusnennnensunnnununnannennnnnnnssunns sosseces 191.60 
17. To chip black slate .............cecsccscccscosccsccscccscccsnsssseccssscccescosess 195.60 
18. To gray slate, dark ...........csessssscecscssccsscscorseesee seneessen senses sesees 200.00 
19. To gray slate, very dark.........cccccccccscccnce csccoesscceceosscecssecsescess 214.00 
20. To FouRTH COAL SPACE (7)......cccsesssscencsscscscscsccccsoscccsce recesses 222.30 
21. To flre-clay........cc.csseccocccccserscsncecscccccnsceces sesccnssssscenseccssescosese 222.10 
22. To gray SIAt© ...........ccccerccccceccescccccsceceesssccecssecnceeserecsseceeeerens 227.60 
23. To flre-clay rock. .......cc.csscssesscsececsoneee IPPREPPPRERREER Lessee cesceeseeses „ 247.60 
24. To gray slate, dark ...........ccccccssssseccccccscsconcencess senses sessevesosssess 248.00 
25. To Fırta Coan Space (17 7).....cccccsscccsceccerccscssevescesscesces access 258.10 
26. To fire-clay..............crcccccccccccccescrccesceccevese sncccccesscccnssvessensesceees 255.50 
27. To dark slate...... ssonossnuunennonnusnunen sonnonnnsunssunononnnnsensunnssnnnnaneen 257.50 
28. To conglomerate ........u..„sussasnsonenennonunnsunnerunnneonnunnsnnunnnnsunernnen 259.20 
29. To bottom......... .osbasnnsnnnsennsnrassunnsensnnensnennuen snennsunnnsnsnsenensennem 259.80 


Reducing this section to the proposed basis, by counting downward 
from the Kittanning coal, we find the following order shown : 

At 47 feet below the Leetonia coal, a coal seam 3’ thick occurs; at 
75 feet, another seam 3’ 4” thick ; at 90 feet, a Gray Limestone; at 122 
feet a fourth coal is found, 7” thick, and a fifth seam, 19” in thickness, 
at 154 feet below the Leetonia seam. A biue limestone, 16” thick, is 
reported in one of the drillings, a little above the level of the fifth coal. 

The gray limestone, which is found at 90 feet below the Kittan- 
ning coal, is a very interesting, and by no. means an unknown element. 
It appears in 3 out of the 6 holes that were drilled at Leetonia, at dis- 
tances of 85’, 90’ and 91’ below the Leetonia coal, or of 62’, 64’ and 69 
above the Lower Mercer coal. Holding the exact position of a well- 
known and conspicuous element in the northern counties of the coal 
field, there seems little reason to doubt that in the “ gray limestone ” of 
the drill record, the long buried Putnam Hill limestone, has again been 
brought to view. A thickness of 16 inches is reported in one of the 
records. 

The coal seam that is found 47 feet below the Leetonia coal, ap- 
pears in every record, with a thickness ranging from 3’ to 3’ 3”, except 
in.one hole, where but 6” is reported. The distance of this seam below 
the Leetonia coal, in the several holes, is as follows: 36’, 43’, 47’, 47, 
47', 55°. 

The coal seam shown in No. 13 of the section, occurs in five out of 
the six holes reported. Its thickness ranges as follows: 1’ 2”, 2’ 10’, 
3’ 3”, 3’ 4’. Its distanee below the Leetonia coal is shown in the fol- 
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lowing figures, viz.: 58’, 73’, 74,’ 76’, 75’, 79’. Its distance below 
the seam next above it ranges thus: 11’, 20’, 27’, 28’, 33’, 38’. 

The leading facts of the section are represented in the accompany- 
ing diagram, Fig. XI. By the side of it, the section which was ob- 
tained north of the Canfield water shed, and which has been already 
described, is shown. These sections are interpreted by the naming of 
their elements, in accordance with the views here presented, but it is 
hard to see what other interpretation of the principal facts is possible, 
for it must be borne in mind that the Canfield cannel seam is common 
to the two sections, having been traced completely through the dividing 
ridge from north to south, as all agree. 


To complete the statements as to the proper place of the Canfield 
cannel, the elevations of the seam above Lake Erie are here given for 
three of the points named. The coal is by a close approximation : 


At Canfield Station...........ccsccscsssesceccscscccsscesene cosssees 595’ above Lake Erie. 
At Cook’s Crossing (44 miles below)................csscecssoa 1171 “ 
At Walters Mine (7% miles below) ............cssscsesceeees „451 “ 


The dip increases somewhat to the southward, but its general course 
is unbroken. On the theory that the Leetonia coal is the Canfield can- 
nel, it has been found necessary to introduce a reverse dip at Green 
Station, but there is nothing to indicate any such irregularity, and noth- 
ing to suggest it, except the necessity imposed by a wrong identification. 

Some of the borings at Leetonia were undertaken in a search for 
the Block coal, but only one was carried deep enough to reach its 
horizon, and this fell short of the normal measure. There seems but 
little reason to expect the Block coal so far away from the boundary of 
the coal field, but the borings made do not demonstrate its absence from 
this part of the field, the lowest reaching but 105 feet below the Lower 
Mercer horizon. | 

The Lower Freeport limestone and coal are found at Leetonia, at a’ 
height of 75 feet above the Lower Kittanning coal. The interval is 
shorter than it is to the southward, but it agrees with the ordinary 
measurements in the upper valley of the Little Beaver. 

The facts already given afford the true interpretation of the Lee- 
tonia section, but the interpretation now presented does not rest on 
these facts alone. 
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The two seams with which we have been chiefly occupied, viz., 
the Leetonia and the Canfield cannel seams, can be followed further 
down the valley. The latter seam is brought unce more to day in 
the deep valley of the Middle Fork, at New Lisbon, and for several 
miles above. The westward trend of the valley also contributes to its 
restoration to the sections here. The Leetonia coal can be traced from 
point to point with perfect distinctness, but it becomes temporarily 
thinner to the southwest, and in the vicinity of New Lisbon it is no 
longer mineable. ‘The interval between the coals remains the same as 
to the northward, viz., about 40 feet. At New Lisbon, the Canfield 
seam has regained its normal cover, viz., the Ferriferous limestone. 
This stratum is found here, blue and impure, but crowded with its 
characteristic fossils. The “ cone-in-cone” formation accompanies it, 
and also the highly fossiliferous black slate that often replaces the 
limestone. | 

These two seams, the Canfield cannel and the Leetonia coal, are the 
seams called No. 3 and No. 4 by Newberry in his New Lisbon sections 
(vol. III, p. 107). From the Leetonia sections it is apparent that the 
Lower Mercer coal must lie at least 125 feet below the bed of the 
Middle Fork, the Ferriferous limestone being found here near the water 
level. As the intervals generally expand to the southward, a larger 
measure would seem probable. In the borings mentioned by Newberry, 
as made near Elkton by Mr. H. C. Bowman, two thin coal seams were 
reported at 129 feet and 150 feet, respectively, below the creek bed 
(vol. III, p. 110). There seems some reason to count these seams as 
the Upper and Lower Mercer coals. 

But in the region which we have now reached, we are no longer 
confined to the Ferriferous limestone and the Kittanning coal for our 
guides. Another, and an equally characteristic series of beds of coal 
and limestone has come in above th@m, and extends in easily traced 
and universally recognized continuity to the Pennsylvania line and be- 
yond. The Freeport group attains a full development throughout 
eastern and southern Columbiana county. Its coals and its limestones 
and the two great sandrocks that enclose the system, the Mahoning 
sandstone above, and the Lower: Freeport sandstone below, constitute 
so important and striking a portion of all the sections in which they are 
found, that they can neither be overlooked nor misinterpreted. Conse- 
quently there are no differences of opinion as to the presence or elements 
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or exact position of the Freeport Group in eastern Columbiana county. 
There are only four coal seams of the Ohio scale about the equivalents 
of which in Pennsylvania no question is raised. These seams are the 
Block coal of the Mahoning valley, which is the Sharon coal of Penn- 
sylvania, coals Nos. 5 and 6 in eastern Columbiana county, which are 
the lower and upper Freeport coals, respectively, of the Pennsylvania 
series, and finally the continuity of the Pittsburgh seam through both 
states is unchallenged. | 

The extensions of all of the other seams of the Coal Measures can 
also be followed visibly and bodily from the one state to the other, but 
names and places have in many cases been assigned to them before they 
were carefully followed, and great confusion has resulted therefrom. 

Fortunately the Freeport Group comes into the same sections that 
hold the Kittanning coal and the Ferriferous limestone at their bases, and 
we can avail ourselves of the guidance of both series as we advance. 


The sections at and about New Lisbon are clear and full, and the 
whole series that is shown here can be followed down the valleys of the 
Middle Fork and the Little Beaver into the Ohio valley, where it is 
connected directly with the well established system of the Lower Coal 
Measures of Pennsylvania. 


A few sections are selected that fairly represent the district from 
New Lisbon to the Ohio River. | 


Three miles above New Lisbon, the Niles Mining Company is 
working the coal immediately below the Ferriferous limestone (the Upper 
Clarion). The seam is double here as usual, a thin bed underlying the 
fire-clay of the main seam. Forty feet above this coal, the Leetonia 
seam is found, but it is here reduced to 16” in thickness. Fifteen feet 
above the Leetonia coal, another thin coal occurs. It is here but 8” 
thick, but it makes an element of great value in Ohio Geology. It is 
the upper Kittanning of White and the middle Kittanning of Chance. 
It will presently be found to become a constant and important feature 
in all our sections. Passing down the valley to the Cement Works, we 
are able to add some higher beds to the section. On McGowan’s Hill, 
we find the Lower Freeport limestone extensively worked as a cement 
rock. It lies 68 feet higher than the Leetonia coal. Seven feet above 
the limestone, or 75 feet above the Leetonia coal, the Lower Freeport 
coal is shown in a bed, 8” to 12” thick. In the immediate neighbor- 
hood, the Upper Freeport limestone is found at 50 feet above the cement 
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rock, and the Upper Freeport coal is mined extensively at Armstrong’s 
on the railroad. Above the Armstrong coal (No. 6 of Newberry) an- 
other seam is found, 3 feet in thickness, and of good quality, but under 
too light cover to be worked to advantage. The interval is not more 
than 12 feet at this place, and probably less. Being the next seam above 
No. 6 in this neighborhood, it is designated coal No. 7, but it is scarcely 
probable that it is the equivalent of the Brush Creek coal of Pennsyl- 
vania, which is the true extension of Newberry’s No. 7. 
These facts are represented in Fig. XIT. 


FIGURE. X 
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Newberry gives a section taken from the same vicinity that show 
the same order and intervals. (Geol. of Ohio, vol. III, p. 108.) The 
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section was taken near the sandstone quarries one mile above New Lis- 
bon. It is as follows: ' 


White Limestone. .........cccccccssscccssccsssccsconces scecstecsencscevacscssensoess 4’ 
Shale ..........ccscsccccccscccccscecccscccsecccccessecccecsacs socesscncscecscscecesececes 6 
Coal—local.....ccccccssccece sons cvcsccccssccsescccseseccsce sconce sscccsssnerasccacs „ 1 
Konsasnnunnannenannsrenenunusenensnn stacccevecccecsccececese scones scccasscsessousees 80’ 
Sandstone ......0ccssccsscessccsccse covcvesccsccvcscscccceccscescaccescsessccsencaseees 50/ 
Dark Shalle...........cscccsscccesssccccccscvccceccccccsccccsscsscscecssscoseccscecosess 30/ 
Iron OT 6.....cccccsseccccssccccscccccccsccescsccsccceccevcscessecseeccscssescscscssese ~ 87 
Coal No. 4.....cccccccecccscccsescccssccccssccccrccnce secccccscccccscocssscescesess „0 8 
Dark Shal...........ccccccsccccccsscsccesscecccsccsescoccesccacseccccosses sensnnnen see 807 
Limestone.......oesenensssosueseunnnnuenunssennnne consceces socees seneceseccassersacces 8 
Coal No, B.......scccscccccecescccccccccccsceccccceccceseescncsasceccescscncssacesscaces 3” 
Fire Clay........ccccccccccccssccccseccsscvccccccsescscsescsssecccsescasses canon coseee HY 


The interval from the Upper Clarion coal to the Upper Freeport 
limestone in this section is 159’. In the section previously given, the 
same interval is 162’. 

The Lower Freeport coal becomes a valuable seam for a small area 
below New Lisbon, where it is known as the Whan coal. It here 
reaches a thickness of 4 to 5 feet. From this point to the Ohio river 
it is found in all of the hills, generally as a bituminous coal of 2’ or 
less in thickness, but often as a mass of bituminous shales, 6’ or 8’ in 
thickness. Newberry notes this fact, and he also remarks upon the 
great steadinese of the white limestone and its overlying coal (Upper 
Freeport) between New Lisbon and the Ohio river. (Geol. of Ohio, 
vol. III, p. 110. - 

The intervals between several of the elements expand rather rapid- 
ly to the eastward, and the whole section has gained from 50 to 75 feet 
before the valley of Little Beaver is reached. Along the sides of this 
deep furrow, frequent exposures of all the leading elements are found. 

The true interpretation of the long sections furnished here, aside 
from the recognition of the Freeport{Group, which seems never to have 
been misunderstood, was first given by White, in his report on the Ohio 
line (Q 2, p. 263, etjal.) By a series of closely connected sections he 
followed both the Freeport and the Kittanning groups, the latter in- 
cluding also the Ferriferous limestone, from their typical and full devel- 
opment in Pennsylvania to the mouth of the Little Beaver, and thence 
up this valley for miles of fairly consecutive outcrop. A few of his 
sections will be repeated here to show the uniformity and reliable char- 
acter of the leading strata. 
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_ At Fredericktown, where the Middle Fork unites with the Little 
Beaver, he finds the following section (Q 2, p. 272) : 


1. Mahoning Sandstone—maasgive, pebbly...........ssssssccsscosssssseees 35’ 
2. Shales and fire-clay..........ccscccsccossscscccecsesecs sernanuunanenne eceseucse 5 
8. Freeport Upper Limestone (White Limestone). ..........ccsceccs 8 
4. Ochery Shales ............000 ccsssssccsccssscosesesece poosan coceccecsassecnecese 40/ 
5. Bituminous Shales (Freeport Lower Coal) .......0.scscssseessnseees 10’ to 15 
6. Outcrops of massive sandstone............. sssssccesccesnscescosscccenes 100’ 
7 Ore bearing Shales—dark..........sscssecscssessees Sennenanosasnenuonsecnen „ 107 
8. Kittanning Coal............ccscsssseccosccce sccccsccescces sescnccvccecee-soenes 2’ 67 


(From Kittanning Coal to horizon of Upper Freeport Coal, 170’.) 


One and a quarter miles above Fredericktown, a still clearer sec- 
tion was found. (Q 2, p. 274.) 


1. Mahoning Sandstome— massive..........ccsccssscsssceee svsevcsessccscecs 30/ 
2. Fire-clay......csccccsscscsses snccssecnrececes anveeenescesscsassceces cecesees we «= 4 
8. Freeport Upper Limestone.............:scsccsssconcsssccesccscecseoscassecs 2’ 
4. Shales, sandy ...........cccccscssccccscossccscesccssccscsscsacsssscccosssnsces . 45 
5. Freeport Lower Coal { Gituminous Shale IN, ya nn 10 8” 
6. Freeport Sandstone...........cccsscsccssccccscencccscscecsaccecsascesscasevees 85 
7. Comcealed .........cccecccecccscecccscerccccesssceeecesecane cones soncsesceseecesoes 10’ 
8. Kittanning Coal, smut ....... ..cccscsescccccsvccecsecsescesssesce sovecseaees 3” 
9. Fire-clay.............ssscsscssscscsccscceces soscseseccscscscassesces sess ssenecces 10’ 
10. Sandstone and Sandy Shales.............. ..ccccssssssosescccessesecsecs bh’ 
11. Ferriferous Limestone, represented by dark, calcareous shale 
filled with fossils..............ccccsscsscssscvsscccceses neensonenronsen 5’ 


(From Ferriferous Limestone to horizon of Upper Freeport Coal, 225 feet. 
From Kittanning Coal to Upper Freeport, 155 feet.) 


Another section was obtained 5 miles below Fredericktown, and 2% 
miles from the Ohio (Q 2, p. 266.) 


1. Mahoning Sandstone—maasive, conglomeritic. 

2. Freeport Upper Coal—irregular. 

8. Freeport Upper Limestone and Fire-clay ..............cseessecsssesceceee 2/ 

4. Shales, sandy, dark...........cccccsscecssscsccsccccsecccecer eevee sesveccssesecse „ BY 

5. Bituminous Shale.............cccsccescscccescsscecscccessssecscccssscsecscsssescee 10’ 

6. Lower Freeport Coal .........ccscscscccsscscccecceccccscscsece soccer nernussnanene 1’ 

, 7. Fire-clay and Shale—sandy..............sscscresssvees be sacccccneccseecsassecee 6 

8. Freeport Lower Limestone.....eososersassensuossanensensnennunsunsnnnnneneen . 4 

9. Freeport Sandstone and sandy Shales ...............s0se0 eeccescesesesees 710’ 
10. Shales, dark, with plants ........... Ceeeeeccnsscseecsssscacesesccces Sasesescoeees Y 
11. Darlington (Middle Kittanning) Coal..............00 sesssnssunsunannunnne 1’ 6” 
12. Concealed ............. Bennanesnunnanansssesnasunnensssmenensensunsnnnannnnen . 25’ 
18. Kittanning Coali..........sccccccceccsccscseccrcsccccsccccocce tienes sesessossecees 2 


(From Kittanning Ooal to Upper Freeport Coal, 160 feet.) 
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An important section is found at the mouth of the Little Beaver 
(Q 2, p. 263.) 


1. Mahoning Sandstone...........-.cs..seceee gdneeecsees sosccesaccoseescesscesseees 80’ 
2. Concealed.........c..sceseees eecesecccees BRPRPPRRPER Snasnnursunsnnnsnncene 10 
B. Shales, sand y.......cccsscorcoccscceesee sensesccecesccccceecs essere IRPEPPFEFFRRFRFRER 85 
4. Ore bearing shales, dark, bituminous ..............ssccscscecssseeees soeeees 8’ 
5. Freeport Lower Coal, thin, impure ................csceseses svececcssesceeces YY 10” 
6. Shales, sandy .........cccccscesscccoccessessecccscrecsssescersesassseses PPFFEPFEPFRER 20 
7. Freeport Sandstone—massive............. en cceccccee ceases asccecsasseeseeses . 50 
8. Shales, sandy ...ccccccccssossccssssscsccsscccsscecoossscccsevss dceteccescscsscesesees 15 
9. Coal—local.... nass sous se naunsnnunneusssnnnnensnnannnen doe senssnnnsnsssensnasennen 1’ 
10. Shales, sandy .........ccscccccccccscsecs ccccceces  cscccesacccacccccacccecscs ven GO 
11. Darlington Coal..........cccsccsssscsccsrescsscscscsscesccvecccceccccesteesss sere 2’ 
12. Fire-clay.. .... cco cssccecsecccscscneccvccaccsonesscessscacessessccsesscescesossaccessss 5 
‚13. Ore bearing shales, dark ......... .sccccocsssscorsccscccccsscessccncsccccescccces 15 
14. Kittanning Coral..........ssccscosssccssscsccscsscccsssccvcccccsccaces secsecocsees „ @ 6" 
15. Fire-clay .........sescccceccosancaccacsccsescescccsceses avcvcnoncccsscccesccscsceccccces 10 
16. Shales and Sandstone. ..........sscccsccsccccsssccvccssccscsccce sascescsscecees „50 
17. Ferriferous Limestone, impure, earthy and fossiliferous... ........ 1’ 


The Darlington coal No. 11, is the Middle Kittanning of some of 
the Pennsylvania geologists, and the coal, No. 9 of the section, is the 
Upper Kittanning. 

To make sure that we have in this 1 foot of earthy limestone, the 
true representative of the Ferriferous limestone, we need one more seo- 
tion. It is found at Industry, in the Ohio valley, 5 miles above the 
mouth of the Little Beaver. (Q 2, p. 260.) 


1. Mahoning Sandstone—massive ............cccceccsscseees Seeeeseaees Lesvasaes 70 
2%. Shales ...........cssscessevcccsorsesccscsccacssesoscescscascecescssossnesssees sannununsen 5 
8. Upper Freeport Coal............... cecescesccscnecsssesccesssecesceceescrsesces . & 
4. Shales and Sandstone ...........ccccsecccsscessces does connes conees ccccecasceees . 60’ 
5. Concealed.......csecsceccsces sonunanen sosssacccesscescessscccccessasscesececs „10 
6. Freeport Sandstone— massive ..........scscscessssces cesses nensnannunnnonnene „109 
7. Darlington Coal..........sccccesccssescossecesecceees annuenee sevensccccnececes PEPPERR 1’ 6” 
8. Shales...... ....ccsccscocsccvcccssseccccascssescsscencresceccscee cee cae nesecrcousereseses 80’ 
9. Kittanning Coal............sescceces secoeves 0 se ececenecccccvccsccscscccscecsssvoeses 3° 
10. Fire-clay ..........cccccsecsescevccscecscrccenscees gensnsnunsnnnunssnnnnnsnnunnsssrnene - 8 
11. Sandstone—somewhat masiVe......uassseosnssenensonnsnsanunsenennennenneen 50/ 
12. Bahrstone Iron Ore.......... IPPERRURRRPFRFRFRRR EPFPEPEFFPERERERPORERRERERRERERRRRE 0 6” 
13. Ferriferous Limestone............ FOPFPRPFPRPRRRR geosnnsunnensunsnssnnennesnunenen 15 


(From Ferriferous Limestone to Upper Freeport Coal, 278 feet. From Kittan- 
ning Coal to same, 204 feet.) 
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We find here the Ferriferous limestone in full force and with all 
the characteristic and valuable qualities of the stratum. The Kittan- 
ning sandstone has become much thicker than it was in our more 
northern sections, and the interval] between the limestone and the Lower 
Kittanning coal is increased in this way, but the two Kittanning coals 
(Kittanning and Darlington of the section) serve to hold the section 
steady. Both are universally known and are opened on almost every 
farm. The Kittanning coal is known chiefly in connection with the 
great bed of fire-clay that it covers. It is termed on this account, the 
‘Potters’ Vein,” and also by reason of its impure quality, the “Sulphur 
Vein”. The middle Kittanning or Darlington coal is a thin seam, but 
it is everywhere esteemed on account of its excellent quality. It is 
known as the “Block Coal” through the valley. 

In connection with the last section, an observation of White’s is 
well worth repeating here. He says: “The sudden and rapid variations 
which the Ferriferous limestone often undergoes are here well illus- 
trated. At the quarry, we see it 15 feet thick, only a few thin partings 
of shale separating the different layers. As we follow it along the steep 
bluff of the river, all the time perfectly exposed, we see the layers be- 
come arenaceous and shaly. In 400 yards it has entirely disappeared, 
except an impure layer at the top, 6 inches thick, exhibiting the “cone- 
in-cone” structure. There can be no mistake about the change, for the 
exposure is perfect between the two points, and the limestone is seen 
graduating into, and being replaced by sandy shales.” (Q 2, p. 262). 

The sudden disappearance of the Ferriferous limestone has always 
‘been a source of perplexity to those who have had to do with this stra- 
tum and with its horizon where the limestone has disappeared, and 
while the instructive example just quoted does not enable us to account 
for the surprising change, it is certainly a great advantage to find one 
section adequately laid open in which the change is accomplished. It 
is more important to learn how the horizon of the limestone can be fol- 
lowed after the limestone has disappeared. For the sagacious observa- 
tions that have taught us this secret, we are indebted to the work of 
White in Beaver and Lawrence counties. (Reports Q and Q 2.) 

Since leaving the valley of the Middle Fork, we have found but 
little coal associated with the Ferriferous limestone (Upper Clarion), 
while the thin seam first recognized above the Leetonia coal at New 
Lisbon has been developed into a regular and important seam, which 
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appears in all of our later sections as the Darlington or Middle Kittan- 
ning coal. The Lower Kittanning coal (Leetonia seam) is seldom 
missed from the sections, but its thickness generally falls below 3 feet 
throughout the Little Beaver valley. These two coals, the Lower and 
Middle Kittanning, hold, in the Ohio valley, about the same relations 
to each other that the Upper Clarion and Lower Kittanning hold at 
New Lisbon. The numbers by which these two coals are designated at 
New Lisbon, 3 and 4, have accordingly been shifted to the Lower and 
Middle Kittanning in the Ohio valley. The first of these numbers, 3, 
has been raised from the Lower Mercer horizon to the Lower Kittan- 
ning coal, resting temporarily at Leetonia on the Upper Clarion. The 
second number, 4, has been made to do more varied service. Origin- 
ally fixed upon the upper limestone coal (Gray or Putnam Hill), we 
find it next assigned to the Canfield Cannel (Upper Clarion, which has 
no regular number in the Ohio classification). When this seam emer- 
ges from the Canfield dividing ridge as it is followed southward, its old 
number, 4, is given to the Lower Kittanning that now comes into the 
section, and it is fora time known as No. 3. A similar slipping up- 
ward of the numbers takes place once more in the valley of the Little 
Beaver, as has been already shown where the Lower Kittanning be- 
comes coal No. 3 and the Middle Kittanning becomes No. 4. 

Coming down the Ohio Valley from the mouth of the Little 
Beaver, we hold the section found there unbroken and. unchanged to 
the mouth of Yellow Creek and beyond. That the “Clay Vein coal” 
or “Sulphur Vein” of Smith’s Ferry and above, is the “Clay Vein,” 
“ Potters’ Vein” and “Sulphur Vein” of East Liverpool and Wells- 
ville, and the “Creek Vein” and “ Potters’ Vein” of Yellow Creek 
and Linton, is called in question by no one. The openings to the clay- 
bed are so closely connected, and in some parts of the field so nearly 
continuous, and the entire section of the elements involved is so thor- 
oughly characteristic, that though the levels of the beds are sometimes 
changed by the low anticlinal axes or folds that pass through this por- 
tion of the State, the identity of the beds is never shaken nor invali- 
dated. That the Clay Vein coal of Smith’s Ferry is the Lower Kit- 
tanning coal of Western Pennsylvania is as well settled as any fact in 
the geology of the Upper Ohio Valley. The extension of the Pitts- 
burgh coal into Ohio is in no wise more certainly determined than that 
of the Lower Kittanning coal. The identity of the “ Creek Vein” or 
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No. 3 of Newberry in the Ohio Valley and in the valley of the Yellow 
Creek, with the Lower Kittanning coal, furnishes an excellent and 
settled base for our sections. We know what is due below it and above. 
From 40’ to 60’ above it, the horizon of the Ferriferous limestone should 
be found, and from 140’ to 200’ below it, the Lower Mercer series is 
due. To reach the place of the lowest coal, we should be obliged to 
descend 100’ to 150’ below the Lower Mercer limestone. 


As to what is above the Creek Vein, there is no controversy, aside 
from the names to be given to one or two elements. The Freeport 
series extends through the hills in visible and unquestioned continuity. 


The section of the Yellow Creek Valley is so fully described by 
* Newberry (Geol. of Ohio, vol. III, p. 93), that little needs to be added 
to his account. It is as follows: “ Coming into the valley of Yellow 
Creek from that of the Ohio, we find it bounded at its-mouth by hills, 
rising to the height of 500 to 600 feet, which contain five workable 
seams of coal.” 

“Of the larger seams, the lowest is called the Creek Vein, because it 
lies near the level of Yellow Creek, from Linton up as far as Irondale. 
This is a coking, bituminous coal of moderately good quality, but rather 
soft and containing considerable sulphur. From 18’ to 30’ above this, 
lies what is called the Strip Vein, from the fact that it was formerly 
worked by stripping off the soil and earth which covered its outcrops. 
The seam has an average thickness of 2% feet, and is of great excellence 
wherever it is opened in the valley. The interval between this coal 
and the Creek Vein is mainly occupied by black shale, which contains 
a notable quantity of nodular iron ore; it also contains in places a 
stratum of limestone 3’ to 4’ in thickness. About 50’ or 60’ above the 
Strip Vein at this point occurs another seam, which is here thin, but 
higher up the valley it attains a thickness of from: 3’ to 3%’, and is 
known as the Roger Vein. At a variable distance above the Roger 
Vein occurs what is known as the Big Vein, in dimensions, the most 
important seam in the valley. About 60’ above the Big Vein, the in- 
terval being filled with black and gray shale, sandstone, and a bed of 
limestone, occurs a coal seam known here as the Grof Vein, from 4’ to 
5’ in thickness, of very good quality.” 


9 
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are supposed 





“The coal seams enumerated 


in the manufacture of fire brick, sewer-pipe and terra-cotta ware, which, 
4 G. 
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FIGURE XU! 
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extends along the valley for more than half of the distance to be trav- 
ersed. The coal is known as the Clay Vein, the Potters’ Vein, the 
Sulphur Vein and the Creek Vein. Above it lies the Middle Kittan- 
ning coal, here known as the Strip Vein or the Block Vein. The seam 
is thin, bat its quality is generally excellent, and it is worked in many 
smal] mines. The interval between the two Kittanning coals ranges 
from 18’ to 30’, but the average would not be much more than 20 feet. 

A seam not before reported makes its appearance in almost all of 
these sections. It lies about 40 feet above the last named seam, and in 
accordance with the Pennsylvania notation may be designated as the 
Upper Kittanning coal. It is commonly called the 18-inch vein, and 
though thin, is opened in many local banks for household supply. Its 
quality is good. 

The main coal of the valley is, however, the Lower Freeport seam, 
which is here known as the Roger Vein. The interval between it and 
the Clay Vein ranges from 86 to 140 feet, and averages about 110 feet. 
This seam is of fair thickness, viz., 3 to 4 feet throughout a good deal of 
territory, and the quality is also good. It is always underlain with its 
limestone. | 

The Upper Freeport coal, the Big Vein of Salineville and the Yel- 
low Creek Valley, has but a very sparing development south of Yellow 
Creek. A “blossom” frequently marks its place, and. its limestone is 
sometimes met, but the coal itself has not been found south of Yellow 
Creek Station. . 

The Brush Creek coal, which is the Strip Vein of Salineville and 
the Groff Vein of the lower Yellow Creek Valley (Newberry’s No. 7, 
throughout this region) is a much more constant element. It is worked 
at a number of points, and is everywhere of good quality. Its elevation 
above the Clay Vein ranges from 192 to 225 feet, giving an average of 
207 feet for the sections measured. 

Two other elements are reached in many of the sections, viz., the 
Crinoidal limestone and the Pittsburgh coal. The former lies at an 
average distance of 320 feet above the Lower Freeport coal (Roger 
Vein), and of 430 feet above the Lower Kittanning. The Pittsburgh 
coal at the most northerly point that it reaches in the State, viz., in 
Saline township, at the southernmost bend of Yellow Creek, is 468 feet 
above the Upper Freeport coal, which would make it about 530 feet 
above the Lower Freeport seam. This interval increases to the suuth- 
ward. 
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MAP OF JEFFERSON COUNTY. 
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The relations of these elements to each other can be seen in the 
following diagram : 


Pittsburgh coal. 
Interval ........cccccccccocccccevecces eeoeen ee cccccccccesecceceoce eeouseesece 175 to 225 feet. 
Crinoidal limestone. 


Interval.......... gansnesnuanuenenusnnsorsnonnsr anna nee cecccssccscesecees 40to 5 “ 
Upper Freeport coal (Big Vein). 

Intervall.........0.sccsoese oseecescsecessssevecsces essences cecsoes esseeeee 8 to 6 “ 
Lower Freeport coal (Roger Vein). j 

Interval ........0..ccccsscsssccncccssconscccensceccsccocccesscescess none 40to 55 “ 
Upper Kittanning coal (Highteen-inch Seam). 

Interval ........scscsecsce cscs cascnece sonccce ccasscscessasenses en Sto 40 “ 
Middle Kittanning coal (Block Vein). 

Interval ........cccccsscosccons coscencscsscccrscecsscessacsessscnes cocees 18 to 30 “ 
Lower Kittanning coal (Clay Vein or Creek Vein). 

Kittanning clay. 


The first section taken along this line is one mile below the mouth of 
Yellow Creek. The Middle Kittanning coal here lies at railroad grade. 
The Roger coal] is opened 72 feet above it. The blossoms of the Big 
Vein and the Groff Vein are seen at the proper elevations. The whole 
section is as follows: | 


Brush Creek coal—-blossom. , 

Interval .........c.cccocccccssceoes cen ccceccece tocesceeecacsccees 50 feet, approximate. 
Upper Freeport coal—bloesom. 

Interval .......cscccscossccccsascscecesevescessscece sess ens ..... 60 «6 ~=—s approximate. 
Lower Freeport coal. 

Interval.......... vennsnensenone onsssanne eoescccece occecseaccoces ma 


Middle Kittanning coal—level of railroad. 


At Port Homer a larger section is obtained. It is as follows: 


Crinoidal limestone. 

Interval........... oe vececcees gensnnnsnnsnsornennenenane enensssnarne nnssansnansernee 180 feet, 
Coal, thin, 6 inches. 

Interval ......... Kanone nananennn annunn caceesseceeens cove ccevece PPEFFFFEFFFRRPFFRER 28 * 
Brush Creek coal, Groff Vein—blossom. 

Interval ......00.cccccnscccccesscveccscescccsccccccscceressccccsceccscens sonen OF  * 
Upper Freeport limestone, 2 feet. 

Interval ..............sccsscssssssesccaccecccccccssscceasececeecsececens cocevees . 188 “ 


Lower Kittanning coal, 2 ft. 6 in. (7 ft. below railroad). 
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As seen in the last section, the strata are rising slowly to the south- 
ward, the Clay Vein ooal having risen almost to railroad grade. It is 
found level with the track, one-half mile above McCoy’s station. The 
Groff coal is worked here, 210 feet above the Clay Vein. 


Brush Creek coal. 


Imterval........cssscccccscsscrscscceccsccssecsscssscsces eee bee ceascecscecsceeseceee 210 feet. 
Lower Kittanning coal. 


Near McCoy’s Station, at Einsinger’s Hill, the following elements 
occur : 


Crinoidal limestone, 4 feet. 


Irnterval ...........sccsssccercosccsancccscscecsscscesensses saccccsorcssecscencosses 278 feet. 
Lower Freeport coal, once mined here. . 
Interval .......ccscccesscscecconccscessosenseccscnces secseaves secssoves sosseeeesos 120 “ 


Lower Kittanning coal, 3 ft. 


One-half mile below McCoy’s, at Porter, Miner and Co.’s works, 
we find the Clay Vein 8 feet above the railroad. The following section 
section was obtained here: 


Brush Creek coal, outcrop. 


Tintervall......cccsccscreccecsscecsscnsscosscecsccssscnscscssceesecsssecassesesescoss 72 feet. 
Coal (LowerFreeport?), once worked. 

Interval........02000ssonaunnnsannesnnuunnsnarsnsonnunesanunansensonannensansannen . Mm“ 
Upper Kittanning coal, 18-inch vein worked. 

Interval .........ccescosessccscesssccncccssessccssscessccscoseccescasconcoscsceses 63 “ 


Lower Kittanning coal, 2 ft. 6 in. 


From near this point the southerly dip, which has been interrupted 
for a few miles, is resumed and the worked outcrop of the Lower Free- 
port coal is seen to fall off rapidly to the southward. The coal seam 
which is marked with a question may possibly be the Upper Freeport, 
but with such facta as we have to judge from, it is more like to be the 
Lower Freeport seam, but the interval is excessive. 

At Freeman Brothers Clay Works, #-mile below McCoy’s Station, 
the Clay Vein and Roger Vein are both worked.. The interval is 
106 feet. 


Lower Freeport coal. 
Interval ........cccccscssecescsvecsoecsevoes .ensususnansunnasnusnnnansssensnnuens 106 feet. 
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At the Calumet Clay Works, at Elliottsville, we find an excellent 
section comprising among other elements the following :. 
Coal— ) 
Upper Clay seam. 
Interval ......cccccscoccccccccccee senseeccccessesecsccecccssccacsescscossessecsse 51 feet. 
Brush Creek coal, 8 ft. 8 in., once mined. 


Lower Kittanning coal, 8 ft. mined. 
Kittanning clay, § ft. 


The shaft sunk at the works to reach the lower bed of clay, which 
was first found at Walker’s Station, gives the following record : 


Blue rock.......sccssssescecscsersccarseene socecees a bacavcceccsscsceesececce soseces - F & 
Hard grit ........cccccccccsccnscccsccccscccssess seecccaces sccossccesccoscoscsoescsce lV’ 6” 
BOaPBtOne.........cccccsscccrcnccrcccsccsccccvacccsssvecsecsccsstacsscasccassscecssousss x 6 
Gritty slate ............ scsscecscosescosscccsccsncccsecesccsccssscnssccscones sarusarce 4 
Fossiliferous Kenestone (Ferriferous ?) otcescecevacces sccnsccavccseesnccess cesses 8 6” 
Sandy slate .......esssusensosensnunnunuensnaanunnensansuuunsnnnsaunnnsansnsssasnsnnnen g & 
Black Slate.......ccccccccssscccscsssscccssccsccsssccccsss onuenonsuenunsensusensanenese 0 
Hard gray grit ......cccscsccccccscescrcsssevecsces onsnnunnennnnnunnunune senannanasn 0 4 
Black slate ......... 0. oenonsunnunsonsansnnans naensnnnunssssonunnnounnnnnssnsnenssere 19° 6” 
Blue-black slate—micaceous ............ssscossesscscscacsccccssascesseseas ene 14’ 
Fossiliferous limestone (Putnam Hill?)..................000000 srusnnosonenene /’ 
Fossiliferous slate ..........ccsscsscscsscoccccesscsces senuuusnsnunnannanens seses 4 
Slate, soft, 6” coal near top (Brookville?) seven sees saccencscessosscessoesse 10 
Clay, Lower Vein........esesoo:ssunsononnenannsunossosnenssnunnunen sannsnensserse 17 
Clay and slate...........cccssccescsscsccsscesces suennuensusannonnnsssnsnnanneennnen 10 


thus: 


Interval ......ccccccccecccccccscccs sesccssesescnssescesesccersareccvecccsesssecescseces 54’ 
Coal 20... cccecccccccccscccccscccccccceccccenececcccess cescesscccececveeecssccecsecscsces 0 10” 
To bottom of hole .........cccscscscccoscceve conc senccccerscccceccccscscocssscesces 19 


The identification of the limestones is not made positive, but no 
good ground for objection to it is recognized. The Clay Vein coal is a 
few feet below railroad grade. 

At the works of the Great Western Fire-clay Company, half-way 
between Elliottsville and Toronto, the interval between the Clay Vein 
and Roger coal, both of which are worked, is 85 feet. The Clay Vein 
has fallen here to 40 feet below railroad grade. 
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Lower Freeport coal. 


Lower Kittanning coal. 


At Toronto (Sloan’s Station) the following section was obtained, 
in part, from the new shaft record : 


Brush Creek coal, 4 ft. formerly mined. 


Interval ......cerccsccccccccccscecevcvcccccccceccccesscccscceccenseccesecccss seees 80 feet. 
Lower Freeport coal, 28 to 40 inches mined. 
Interval ......cccsocccccscsccrccccscscvcscccscccccss cacsescecccesensecsnsessssens 86 “ 


Middle Kittanning horizon, black shale. 


yMiddle Vein clay, 7 ft. 


Lower Kittanning coal, 3 ft. 5 in. 
Kittanning clay, 6 ft. 6 in. 


The last-named coal is about 30 feet below railroad grade. 

One mile below Toronto, near Jeddo Station, the Lower Freeport 
coal is worked, 25 feet above railroad grade. On Thomas Wells’s 
farm, half-way between Jeddo and Brown’s Station, the same coal is 
found 10 ft. above the railroad. At Brown Station, it is found near the 
level of Island Creek. It rises with the creek to the northward, and 
was formerly worked in the large way for the use of the salt wells of 
this valley. It is 77 feet below the well-known coal mined on Wm. S. 
Finley’s farm, which, as all agree, is the equivalent of the Groff or 
Brush Creek seam. 

The Lower Kittanning seam has now gone below drainage, and 
henceforth the Lower Freeport coal will be taken as the base of the 
sections by which the continuity is to be maintained. 

At G. W. Peacher’s mill, half-way between Finley’s mines and the 
river, the Lower Freeport coal is worked. It here lies 336 feet below 
the Crinoidal limestone. 

At the mouth of Island Creek, the following section is found: 


1. Brush Creek (7?) coal,...........cccsee. ccoccsscesesccersseees 1 foot 6 inches. 
%. Imterval ...........ccccccccscsscccscsvenseccesccssersneccsseees 65 feet. 

8. Yellow limestone..........ccoce. ccssccccccseccccccssceccees . Be“ 6 
4. Bolivar clay (and shale),..............ccccsccsssscocenseeges 1 “ 

5. Upper Freeport limestone, modular..........seccresese 2“ 6 * 

6 Interval .......sscsssecccscscccscscccsseccccscesscscssecseseesees 2 

7% Lower Freeport coal............sccccsseccsscrsceccccseccoeces 1“* 6 * 
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This section is of special value, inasmuch as it shows a character- 
istic development of the Upper Freeport horizon. It seems probable 
that the yellow limestone above the clay represents the Upper Freeport 
coal. These buff limestones frequently come in upon the horizons of 
the coal seams, apparently replacing them. The clay is the non-plastio, 
greenish fire-clay, so characteristic of the horizon. It has been worked 
here in years past, the brick made from it having a good reputation. 
The clay takes its name from Bolivar, Pa., where it has long been mined 
and worked. The limestone below is in all respects characteristic Upper 
Freeport limestone. 

The Island Siding Brick Works, a short distance below Brown’s 
Station, are working a clay and shale that comes from above the upper 
limestone, but they have also used the hard clay between the limestones. 
The chief objection to this clay is that nuggets of limestone occur in it 
which can be kept out of the worked product only by great care. 

Crossing the river from Toronto, we find on the West Virginia 
side the same general section that we have been following. 

At Freeman and Co.’s Works, the following section was obtained : 


1. Brush Creek coal, Groff vein.. ......00..0.ccssssccscscsssosscnsscseesens 8 6” 
2. Irterval...... cccscsccccscssscsscccssessccscsscss coscessessssee: sense: sesceseeeess 51’ 
8. Limestone, in place of Upper Freeport coal (7?) ...........: ...... - & 
4. Shales with ore balls............cccccssccsscccccsscessscseecccsescessen senses 8 
5. Non-plastic clay (Bolivar ?).........ccsscsscsssssssces snnenensnnenenenne . 8 
6. Shale and sandrock, Upper Freeport............ csserssnsansannenunenen 34’ 
7. Lower Freeport coal, Roger Vein ..........sccccssesscecevecesscensecees 2 6 
8. Fire-lay ........ccscccssecccsens sosccscscsvccceccccssesceescvces socces ssosssesees ro 
9. Sandrock and sandy shale, Lower Freeport. ...........c.cce: seoses 6% 
10. Coal, 18” vein or Middle Kittanning ............ccsscssseserseesnescees 2’ 
11. Fire-clay ..............0..cc0sccsccccee senecsces scenes cesecssonsssecseceseescesses a 
12. Sandrock and shale.............c.scsce cosccscnsescecescccccee senevsseassseee 49 
13. Lower Kittanning coal, Clay Voin.............cccccscccecscecscevoes 2’ 
14. Kittanning clay, mimed  ...........cccccscsscsecsscscccccscessccsscccecens . & 
15. Concealed to river ....... snensnnersnsnonznsnonnennennnnnonsennannnnenurenens 47 


At W. B. Freeman’s Clay Works, the Middle Kittanning or Strip 
Vein coal comes in to the section, as follows: 


1. Lower Freeport sandstone, expoeed...........ssccsees sescseece innen 25’ 


Coal, 170 

2. Middle Kittanning coal (Strip Vein) { Slate, 0 1” IOREPPRPPER z 7 
Coal, 1’ 6 

8. Fire-clay and concealed .............ssccccssscocsccsssscscesscnsvesessecess 27 

4. Lower Kittanning coal (Clay Veim).............sccsccescersccececceaes 2’ 

5. Kittanning clay ...........ccsccosssscscccnccssccssccssensconses soscasenscesees 6 
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From the point last named to the mouth of King’s Creek, 14 miles 
| below, the two lower coals hold the same relative position as that just 
given. | 
At Porter & Co.’s Brick Works, the Lower Freeport coal is also 
found. The section is as follows: 


1. Lower Freeport coal............sccscscssersccsccsrscscccesconvesscsccecscens 6 
2. Interval ..........ccccrcccccccccccccccscecccccscesces sosees sosunusunnnenensnanne - 607 
8. Middle Kittanning coal, Strip Vein..............0:sccccvessceccccavere v. 
4. Interval .............ccccecsccssccccsscccsccscccaccsescesccsecsce sonnnnn socees - 807 
5. Lower Kittanning coal ............ sosaonunssnosnnnnusoonennannsansnensnsen Y 
6. Kittanning clay.............cccccsscssescscserescnsccccecsssscsccesescescesses 6 


, This point is about $ mile above the mouth of King’s Creek. The 
Roger coal is worked at many points in this valley, and is quite widely 
known as the King’s Creek coal. It can be traced on every farm. 

At the Tarr Brothers’ farm, 2 miles above the mouth of the creek, 
the following satisfactory section was found : 


‘ 
1. Crinoidal limestone ..........cccccsssere snsunsnnnnunnnnonennnnuensernn SPRRPR Y 
8. Shales, sandy shales, ad} immasranammnsnne aig’ 
8. Sandrock, partly concealed 
4. Brash Creek limestone. ............ccccscccccsccrccsccssscesss seesseceeees 1’ 
5. Sandy shale and sandrock ..............cssescoesscesceceescnscescvscseses 52” 
6. Bituminous shale .............cccccssscccsessesscsceccessncscsesssccessveass 0 3” 
7. Shale and fire-clay ..............cccscssseccescecccs cesses cescessescesscscnses 2’ 
8. Limestone, place of Upper Freeport coal .............0.-seceeseceee 17 4” 
9. Non-plastic fire-clay (Bolivar), in poekets................csscssesees 5 
10. Shale with calcareous nodules and clay ...........cccsssscsveereoeee 4/ 
11. Shale..............cceces Saonsonsunsonsnnnnurensnnonnssnnsnnnnen seasees seensecess 20/ 
Bone coal, 0 6”) 
12. Lower Freeport coal fe 4 | jeceeeseessccessesconssens 4 8” 
Coal, 1’ 0 
18. Fire-clay and concealed to creek............ccsccscocccecccerecovessees 23’ 


The Lower Freeport limestone is also shown at intervals along the 
creek. The coal ranges from 3 ft. 6 in. to 5 ft. Its structure, as given 
above, is modified somewhat in different mines. A mine, } mile below 
the Tarr Brothers’ mine, shows the following structure: 





Bome coal ...ccccccsccscsscccccccsvccccccscccsccccccconsccccsccsseccccessescocecesocecs 0 67 
Corel ..2.22000200 coscsses. covccccccccccesccscsceee seccecces sascenececcssencocsccececcsese 2” 0 
Slate .......ccccoccsceccecs.covccceccccs covccsccecccscscevcescccccenccccesevcee secsesene 0 2” 
Coal ...ccccccrecscvaccses cccccccerccccenccccsecccecccncocsesecssescecccccenscesevsovess 1” 2” 

8 107 
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The seam can be followed up the stream by numerous openings as 
far as Taylor’s Mills. It is here reduced to 2 ft. in thickness, and lies 
between the Upper and Lower Freeport sandstones. 

One more section in which the Clay Vein coal occurs can be found 
on the West Virginia side of the river. At Thompson and Miller’s 
brick-yard, just below the mouth of King’s Creek, the Lower Kittan- 
ning horizon appears for the last time above the river level. The sec- 
tion is as follows: 


1. Shales, expowed ..........ussoosunssononsanunnene sossccccssccsenccesscccses teseseees 17 
2. Tower Freeport coal, King’s Creek seam.............cccsccccssvcnesceess - % 
8. Sandy shales and sandrock (L. F. sandstone, etc.) .........ccercecceees 95 
4. Middle Kittanning coal, Strip Vein.........-...ussneneesonnsenonsennnnneee Y 
B. Fire-clay ............sccccsccessseccsccccvesscccceesccenecescsccsccecsececcen sopensacces 4 
6. Shale and sandrock..........sccce sensoneonenssnonunnswmensnunnunesensarsann senses 177 
7. Lower Kittanning coal, Clay Vein......... ....cce seonsnnensnnonnsensonene - % 
8 Kittanning clay, mined ..........csccssersce - ccscesccenscesscvcssccccccccsseens 12 
9. Concealed to low water .............c.scesecsesseccccoes lenseecas sassannensannns ~ & 


It will be profitable to recapitulate the facts pertaining to the 
Lower Freeport or Roger coal, which is here known as the King’s 
Creek coal : - 


1. It ranges from 2 ft. to 5 ft. in thickness. 

2. Itis a little more than 800 ft. below the Crinoidal limestone (308 ft. on the 
Tarr farm). j 

3. It ranges between 90 ft. and 120 ft. above the Lower Kittanning coal. 

The Upper Freeport clay and limestone occur about 36 ft. above it. 


Dem 


Returning to the Ohio side of the river, we find no exposures of 
the lower coals between Island Creek and Will’s Creek, but the Crinoi- 
dal limestone sweeps from hill to hill, and furnishes a constant upper 
limit for our sections. On the north bank of Will’s Creek, a half mile 
above its mouth, we find the limestone in the middle of a long section, 
which is continued downwards, by a well record reported by Newberry 
in volume III, pp. 753-4. 

The main elements are as follows: 


Crinoidal limestone, underlain by 2 ft. 6 in. coal. 


Interval ...... ....-ssecsscsssescocese sccccscee scccsscccoceneccsecenessescessreess 265 feet. 
Coal, near level of creek, 8 ft. reported, Brush Creek. (?) 
Interval ........ccccsecscces sence sscees nenonnnnusannensensnnnnnnunnen senses seees 66 “ 


Lower Freeport coal, 4 ft., underlain by clay and limestone. 
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The Lower Freeport coal is here, as everywhere else throughout 
this region, a little more than 300 ft. below the Crinoidal limestone. 
The distance in this measurement is 331 ft. On Island Creek it was 
found to be 336 ft. On King’s Creek, on the other side of the river, 
it is 308 ft. The coal makes one more appearance in the main valley 
before it dips below the surface. Just above the mouth of the creek, it 
is found level with the river at low water. 

From this point on, Newberry’s account of it is clear and succinct. 
In vol. III, page 756, he says, ‘the limestone coal of the Wills Creek 
section” (the Lower Freeport of our last section) “is plainly the shaft 
coal of Steubenville. It is exposed in the bed of the Ohio just above 
the mouth of the Wills Cıeek ; is reached at the depth of 75 feet in the 
shaft of Cable and Co. ; at 80 feet in the Bustard shaft; at 172 feet in 
the boring at Stony Hollow; at 188 feet in the rolling mill shaft; at 
204 feet in Averick’s shaft; at 221 feet in Boreland’s shaft, and 234 
feet at the Mingo shaft. At Mingo, Borelands and the Bustard shaft, a 
band of nodular liniestone was found just below the fire-clay, as in the 
Wills Creek boring.” But furthermore we find in the relations of the 
Crinoidal limestone, confirmatory proof of the conclusion just reached 
that the Steubenville shaft coal is the Lower Freeport or Roger seam. 
This persistent stratum is found directly above each of the following 
named shafts at Steubenville, viz., Alicanna shaft, Stony Hollow shaft, 
and Market Street shaft. In the first the interval between the shaft 
coal and the Crinoidal limestone is 313 feet, in the second, it is 326, and 
in the third it is 330 feet. Gathering up all the measures that we have 
thus far found of the interval in question, we obtain the following series. 
A second column shows the interval between the Clay Vein and the 
limestone : | 


At south bend of Yellow Creek......cccsscsssscsssscccsccssscssvecace “3 427’ 
At Port Homer..........cscccccscccccscsssscscccerseesesscsesccscseesecsseas ee 417 
At McCoy’s Btation.............cccccssccerscccccssccscecccessccsceesscess 277 401’ ' 
At Peacher’s Mills, Island Creek ............:cecocsessescscsessecces 8367 *446’ 
At King’s Creek........ccssecssccsssccccsccsccccccsscccsscssorecs suscesees 306 #408 
At Wills Croek...........ccccccscscsscccnccscsscsccsevscecsce scones seseseees 8317 

At Alicanna shaft, Steubenville.............ccsesccecessesenscceeees 813’ 

At Stony Hollow shaft..............cccccscssccccccsscsccccosccssesecsens 826’ 

At Market Street shaft.........ccccccscccssscccssccvcscssenesccessssees 380 


* The figures marked with an asterisk were not obtained from the measurement of single section 8 
but by combining two sections from the same vicinity. 
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These figures show the steadiness of the sections as a whole. There 
is more play in some of the intervals than is usual, but in the large 
way the surprising regularity that characterizes the rest of the Ohio 
coal field, appears here also. 

The facts are represented to the eye in the accompanying plate, 
Fig. XIV A. 

The place thus given to the Steubenville shaft seam in the Ohio 
series of coals differs from that previously assigned to it. Newberry 
strongly inclines to the view that the Steubenville seam is the Upper 
Freeport, though he does not consider the question demonstrated. He 
seems to count the Groff or Brush Creek seam as the only competitor of 
the Upper Freeport for this place, but why the claims of the Roger or 
Lower Freeport seam should have been overlooked until now, it is not 
easy to see. The Roger seam corresponds better in every way in the 
matter of intervals, as all can see, but undue stress need not be laid on 
this point, because of the fact that the interval between the Upper and 
Lower Freeport horizons in this region does not exceed the play of the 
sections reported. 

The Roger coal is a persistent seam through the distriet, across 
which our sections have carried us. Mines are opened in it for almost 
every mile of the interval between Yellow Creek and Island Creek, 
where it falls to the drainage level. On the other hand, the Upper 
Freeport coal does not appear as a mineable seam at a single point in 
this interval. 

The interval between the Roger and the Groff coals is shorter at 
the end of this line of sections than it was at the beginning, it is true, 
but the change is progressively accomplished. At Hammondsville, the 
measurement is 125 feet. At McCoy’s it is 85 feet, at Toronto 80 feet, 
at Island Creek 77 feet, and at Wills Creek 65 feet. The principal 
change has been accomplished in a part of the field where there is no 
dispute in regard to the elements. 

It cannot be objected that the Roger coal is not a seam of sufficient 
thickness to represent the Steubenville coal, for it rises to 5 feet on 
King’s Creek, while the Steubenville shaft coal falls to 28 inches at 
Mingo. In any case the Roger coal is the thickest as well as the 
steadiest seam that is to be found in all the region to the north of Steu- 
benville. 

No argument can be raised against the identification on the score 
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of quality. The average of the Roger coal is not as good as the best of 
the Shaft coal, but there is no other seam that would fare better in such 
a comparison. It is also true that as poor a quality is found in some of 
the shaft seam mines as in any of the mines of the Roger coal, outside 
the limits of the shaft seam field. 

It may be objected that the coals reported below the Steubenville 
coal in shafts and well records cannot be as satisfactorily accounted for 
on this identification as on that previously given. The objection has 
but little weight. If all the facts of the series that lie open to-day can 
be harmoniously adjusted, we need not allow the obscure and often dis- 
torted sections of well records to perplex us overmuch. But there are 
no serious difficulties to be reconciled. The first coal seam found below 
the shaft coal comes in very well, as far as interval is concerned, for the 
Upper Kittanning or 18-inch seam. The intervals as recorded are 28 
feet in the Alicanna shaft, 44 feet in the Rolling Mill shaft, 45 feet in 
the McElroy well, 54 feet in the Market Street test well, and 52 feet in 
the Mingo well. The reported thickness does not agree as well. This 
is given as 4 feet, cannel coal, in the McElroy well, and as 24 feet at 
several other points. It is reported “thin” in the Mingo well. The 
Upper Kittanning seam nowhere shows 2% feet in its outcrops. 

The second seam below the Shaft coal is reported at 80, 92 and 98 
feet, respectively, in three wells. If these figures stand for the same 
seam, it could be either the Middle or Lower Kittanning, without doing 
violence to'the sections obtained elsewhere. 

As to the coal seam, 3 ft. 9 in. thick, reported 139 feet below the 
Shaft coal in the Mingo boring, it is scarcely worth while to essay an 
identification. There are se.ms enough to compete for the place. A 
fairly probable determination would make the 80 to 100 feet coal the 
Middle Kittanning or Strip Vein, and 139 feet seam, the Lower Kit- 
tanning or Clay Vein. In any case, there are more coal seams shown 
in vertical section ut Steubenville than at any other point in Ohio, as 
far as is now known. 

In view of the facts that have now been presented, the place of the 
Steubenville Shaft seam in the series is counted definitely settled. It 
is the Lower Freeport coal of the general section, and the Roger seam 
of the Ohio and Yellow Creek valley. 

The credit for working out the essential facts in this demonstration 
belongs to F. W. Sperr, M.E., an assistant on the survey. 
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THE Coa. SEAMS OF THE Bia SANDY CREEK VALLEY. 


Returning from the Ohio Valley to the northern margin of the 
coal field, we shall find the most advantageous line of sections along 
and in the vicinity of the Cleveland and Pittsburgh Railroad. 


The series last described can be followed up Yellow Creek to 
Salineville with unmistakable distinctness, as so well shown by New- 
berry (vol. III, p. 100). It is lost in the Yellow Creek Summit of the 
railroad, but its upper members promptly reappear on the northern side 
of the divide as soon as their level is reached. Newberry’s description 
and reference of the coal seams found to the northward can be quoted 
and adopted without qualification. It is as follows: 


“Going north from Salineville toward New Lisbon, the road passes 
over a divide of which the summit is 350 ft. above Salineville Sta- 
tion. . . . Descending the divide toward the north, and coming 
down into the valley of the West Fork of Little Beaver, near Gaver 
Post-office, we find the shales of the Barren Measures succeeded below 
by a heavy sandrock and two coals, the upper 2 ft. 8 in. to 3 ft. thick, 
of excellent quality, and resembling the Salineville Strip Vein (No. 7). 
The second seam, some 60 ft. lower, is not well shown where first seen, 
but farther down the stream, toward and at West Point, both these 
coals outcrop and are worked at numerous localities. Beneath the lower 
one, which is five feet in thickness, and separated from it only by the 
fire-clay, is a’limestone. This coal can be traced north and east from 
this point to the limits of the county, and is distinctly recognized 
everywhere as the Big Vein. It is our Coal No. 6, the Upper Freeport 
coal of Pennsylvania.” 


The Upper Freeport coal and limestone can be followed westward 
from Gaver’s Post-office to Millport on the Cleveland and Pittsburgh 
Railroad. The interval between the coal and limestone slowly increases 
to the northwest until a maximum of 25 ft. is reached. The coal dis- 
appears temporarily near the railroad, but the limestone is found here 
about 6 ft. above the level of the track. At Kensington, the coal 
comes in again, and the limestone is found 25 ft. below it. It was 
formerly quarried here from the bed of the canal. From this point 
northwards the coal is frequently opened. At Rochester Station it has 
been mined for a number of years by William Somerville. The sec- 
tion here is as follows: 
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1. Heavy sandrock ........0..0.00 asres senccscrscnscccesees 
Coal, 176’ to 4 vo 
2 Upper Freeport coal {m ale, 17 to Q// Coeeee scenes teense 
Coal, 2” to 17 4” 
8. Fire-clay and shale.............cccccsssoosssssccsscccccssscscecescssenseds ~ 20 
4. * Upper Freeport limestone (?).........csccscssssscescvevesssececceees 1/-9/ 
5. Shale...............csscscccscnsnccccccsweseccscen se -seees corses seesseccesessecces oY 
6. Coal outcrop, cannel. 


Whether No. 6 in the section represents the Lower Freeport coal 
is uncertain, as this element has but a feeble development throughout 
this region, though its limestone is frequently found, but it may be so 
counted provisionally. ° On the south side of the divide, the two Kittan- 
ning coals are found at 125 ft. and 150 ft. approximately below the 
Upper Freeport coal. A boring made by Mr. Somerville at Rochester 
shows two seams that hold the exact places of the Kittanning coals, 
the section being continued downwards from the cannel coal last named: 


7. Sandstone, shale and fire-clay............cecsse0 Laveecvececeses cescsenes 86 
8. Middle Kittanning or Darlington Coal..........ccccoscsossscsssesere 2% 67 
9. Shale, Ct.......00.....sccscccscsscccnssavscesccccsce cossetesccessescecsseueees 88’ 

10. Lower Kittanning coal, hard and clear ...........cscscsssessercseves VW 67 


The same facts can be represented in another form: 


Upper Freeport coal (118 ft. interval). 
Middle Kittanning (?) coal (40 ft. interval). 
Lower Kittanning (?) coal. 


The last-named seam is thus seen to be 158 ft. below the Upper 
Freeport coal. In the Hammondsville section it will be remembered 
that the interval between the Lower Kittanning and the Upper Free- 
port coals is close to 150 ft. 

The elevation of the Somerville coal above Lake Erie is 585 ft. 
The Middle coal is accordingly 462 ft. at this point, and the Lower 
coal 422 ft. above the same base. The Upper coal rises a little higher 
before it reaches the Sandy Summit where its elevation is not far below 
600 ft. As the coal now lies high in the hills, it is of course cut out by 
the Sandy Valley, which the railroad crosses, but to the northward, 
both coal and limestone are found as soon as summits are reached that 
are high enough to hold them. Both elements also hold their places 
continuously to the westward from Rochester, through Augusta and 
Brown townships of Carroll county. 


* Found in adjoining farms. 
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We may safely follow the clue furnished by the two coals disclosed 
in the boring made by Mr. Somerville at Rochester, and which have 
been identified provisionally as the Middle and Lower Kittanning coals, 
by reason of their positions in the series. 

In coming down from the Sandy Summit to Bayard, we descend 
over 100 ft. (Bayard, 503 ft, above L. E.), but not low enough to reach 
the coals reported in the Rochester boring, which are 462 ft. and 422 ft. 
above L. E. To find lower ground, we must descend the Big Sandy 
Valley. The railroad grade drops 23 ft. in reaching Minerva, 2 miles 
below Bayard (480 ft. above L. E.), and here just outside the limits of 
the corporation, on the south side of the creek, the upper of the two 
coals comes to day, with an altitude of 469 ft. above L. E. On the 
same farm (James Carson’s), the Lower coal is also found, level 
with the water, at approximately 440 ft. above L. E. The upper seam 
is being mined here at the present time. It has a thickness of 2 feet 
to 24 feet. 


SKETCH MAPS STARK. TUSCARAWAS @ CARROLL COUNTIES IN PART. 
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From Minerva to Magnolia and Mineral Point, there is not only 
no difficulty in following, but there is no possibility of losing, these two 
companion seams as they stretch along the sides of the valley. The 
upper one has been worked or at least opened for every mile, not to say 
on every farm, in the interval. The lower one is frequently opened 
and worked, and it is everywhere true to its place, from 25 to 40 feet 
below the upper seam. It is still a “Clay Vein.” It covers through- 
out the valley a heavy deposit of clay which assumes a phase of unusual 
purity and excellence about Magnolia and Mineral Point, where it has 
long been worked in the large way. 

At 60 feet below the lower seam, the well-known Gray or Putnam 
Hill limestone is found in the lower portion of the valley. It has been 
traced by borings and by shafts eastward as far as Waynesburgh, where 
it lies from 20 to 30 feet below the bed of the stream. This limestone 
covers a coal seam which has the best right to be counted Coal No. 4 of 
"all the separate seams which bear this designation. 

The two seams already described as lying above it, are New- 
berry’s coals No. 5 and No. 6 of the Tuscarawas Valley series, but 
they are just as certainly the Middle and Lower Kittanning coals of the 
Pennsylvania scale, or No. 3 and No. 4 of the Yellow Creek section, 
which we have just left behind us. 

The strata lie very nearly level throughout the Sandy valley, or in 
other words, the valley extends in the direction of the line of strike, but 
there is a light dip to the south and east throughout this region gener- 
ally. The elevations above Lake Erie of the Middle Kittanning (No. 
6 of Newberry’s Tuscarawas series) through the valley are as follows: 


Feet. 
Somerville’s mine, Rochester Station, boring .............ccccsseseeresceees: 462 
Minerva and Pekin .........ccsssccsccscscsscssscscccenee sessessncececnsccssesescoes - 469 
ON@IGA.......cceccvee coscecsccccccecscsccscescesceene: snesss cesses passer sesceceseecesseenes 450 
Malvern ......s.ccscocccnccs cence scccsscercsnccncssscccccscnsssecscses secsesssesenseees 440 
Waynesburg .......00ccccccersccccsccsc veces secceeceseesees sarees ‘snceee ceecesccvcecees 448 
Two miles below Magnolia......... ...... sccccccecsccssecsccseccceccscscasses sasees 482 
Four miles below Magnolia, east of tunmel............... oosonnuesonnosenenne 476 
At the last station the following section is found: 
Above L. E. Ft. In. 
Shale. 
476’ Coal—“ Upper Vein,” Middle Kittanning, mined (No. 6 
Of NOWDEITY).......0.ssesseses sesseccscccesece aneserees sonees senesenes 8 
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Above L. E. Ft. In. 
Slate rock.......s-cs00 aces cccesecececsecceses ee tancecceeveceees sen 18 
Coal—Eighteen-inch vein.............scccseresese PEREPFERPFERFFERFER 1 6 
Shale ......ccccscosccccccsssccsssscceccesscccccssssccecsccscossssees PERPFRRRR 23 

46  Coal-“Lower Vein,” Lower Kittanningf(No. 5 of New- 
DEerty).....0.. soccscccnssccssscscnccsccnsccees cesses sccenscassesescssceos 3 6 
Fire-clay, 3 ft. 8 im....... 2... scccccsees Bensnuonsnnnnunenn soneeece esses 8 
Shale and sand- we staves cnccscccscesecsecssnccsess IPFPFPERPFEPRRPERER 62 
Gray limesione—Putnam Hill, fossiliferous...........cscccs 22000. 1 8 
869 Coal—“ Limestone Vein,” Brookville seam (?) (No. 4 of 
NO@WDEITY) .........ccscceccssccces @rsnnsnnnsenunsonnnasannnnenunnonen . 6 
Level of Big Sandy. 


We have followed the line of the Tuscarawas branch of the Cleve- 
land and Pittsburgh Railroad up to this point, using its levels to deter- 
mine the elevations of the several geological elements. The road here 
turns away from the valley of the Big Sandy, and bears to the south- 
ward. {Following the valley north-westward to Bolivar, we find a 
number of clear and valuable sections. 


One-half mile west of Bolivar, on the David Belknap farm, the 
following instructive section is found : 


Above L. E. Ft. In. 
1. Drift ......c0...ssscecsseccesscescescncsscerccsccsscescesscacesccesesesees 12 
481’ 2.%.Drab limestone, fossiliferous, Ferriferous of Penna..... 3 
B. Shale ......csccssccscsccssncsscssceces anes sanssnnnnnuunsnonunennenene . 30 
48 4. Gray or Putnam Hill limestone .........s0cecsecessseeenensenees ~ 2 6 
5. Coal—“ Limestone Vein” (No. 4 of Newberry)......... - 2 
6. Shale .....ccccccscesscccccccsccccsssccsccsesvssseccesascvesseaess eases . 80 
7%. Coal—Tionesta of Penna. (7), mined here (No. 88)... 8 
8. Shale .............. deeeseccercnssee nescence sseseccessencescossecnesseses 10 
9. Blue or Gray limestone—“ Middle Vein,” Upper Mer- 
cer (place of Coal No. Ba)......... csscccsssercscceseeecenses 2 6 
10. Fire-clay ...... .....sccscsseoressccccscocecsecnsscccccccoescovens cece 8 
11. Shale ......uuesonoosossnnnnnenzanunnonenansannennsnsnnnnnsnnannnnnnunnen 20 
871! 12. Blue limestone—" Lower Vein,” Lower Mercer .......... 6 
13. Coal, thin ............sccsccscceses 
14, Shale, 6 ft.......cccccnssceseceense weer Nowbocry _ 7 9 
15. Coal, 1 ft. 6 im ...........reneee 
16. Fire-clay. .....cccscsccseccce cccsccecscscescccessassecscessecsscees nes 6 
83% 66 17. Concealed to canal...........c0sssereee Oe ceneee seescccccccsscesscses 24 


The elements of special interest in this section are Nos. 2 and 7. 
The former shows the reappearance of the Ferriferous limestone at its 
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proper horizon, half-way between the Putnam Hill limestone and the 
Lower Kittanning coal. The phase here presented is a common one of 
the limestone throughout the interval of its unsteady development. It 
is drab-colored, bedded and not nodular, distinctly, but not abundantly 
fossiliferous. A calcareous sandstore, effervescing freely with acids, 
but not slaking after roasting, is another common phase of this horizon. 

In No. 7 of the section, we find the best exhibition of the Tionesta 
coal of Rogers in all of this region. It is worked quite extensively here 
for the supply of the country around. In the following section we find 
a somewhat greater thickness of. the seam, but its value is scarcely in- 
creased thereby. The seam has a considerable development in the 
western side of Stark county. The other elements need no comment, as 
they occur in typical form and at the usual intervals. The distance 
from the Lower Mercer limestone to the Ferriferous limestone is here 
seen to be 110 feet, or a little less than the distance in Mahoning county 
where we left its last exposure (120 feet). The dip from Bolivar to the 
tunnel section is about 80 feet, the course that we have followed leading 
up the line of rise. 

Two miles northwest of Bolivar on the J oseph Hair farm and near 
the Fire-clay Works of B. M. Allison & Co., a section taking in nearly 
the same range as the last is shown. It is as follows: 


Ft. In 
1. Gray or Putnam Hill limestone.......nnonannnsnneossnnosnunssnonansnnnsenanne 2 
2. Concealed ........essssossessenonsunsonnsonnunnsnsnnsensnsnnnonnsonennsnsann neuere 25 
Coal, 1 ft. 8 in. 
3. {Bits 2 in. a | Tones (No, B D)...-.ccssccrecncscccccrcesce ceeeee 4 9 
Coal, 2 ft. 4 
4. Concealed .........sccccecsscevcsecesscvecccessecessecsscosestecscnensscsese ssees 15 
5. Dark-blue limestone, Upper Mercer... -....... sccsscsccccecconerscosesens 8 
6. Coal, thin, 4 to 6 in. ...eessensaseononnnonssonnnonnsnannunennen suonnnanrenens ~ O 6 
J. Concealed .......c.sccesescsses coecetsevcscecsccessvseeacn soccescascescoscessesons 80 
8. Biue limestone, Lower Mercer ..........sersesn0eo Leececsencescnccecncsscnes 4 
9. Dark shale.........cccses cssssscccscccvcectsssccvccessvcesenscsces cesscscescesoes 2 
10. Coral, thim............csccscesccsscccsscscsccccsscerecssces soseeseccassnscee scenes — 
AL. Dark sbale.............. sssoanosnununnnsnussonunssnnnnunnennen ILLLPPPRFERFFEPEFE 2 
12. Fire-clay .............00 se deceaeseccsvenscccsceds cesses seceessnccusscccosseesesees 6 
13. Concealed ..........00.cscee secnccccs ceccesces :t00n0 cscenescccecesercceccccs rece »» 20 
14. Blue limestone (occurs occasionally | at this horizon)........ yew 1 6 
15. Concealed to canal ..........c.ccscoe sscesce sncsscccacecceccsccscnssescessos 15 


The Sharon coal is found in basins near the point which we have 
now reached at a depth ranging from 125 to 180 feet below the Lower 
Mercer limestone. 
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Particular attention has been given in this review to the geology 
of the Big Sandy Valley, because it is here that the dislocation of the 
series has occurred which has brought so much confusion into the 
published accounts of the Lower Coal Measures of Ohio. 

The points now brought out are these: Ist. The coal seams num- 
bered 5 and 6 by Newberry in the Tuscarawas Valley section can be 
followed, as all allow and as none can deny, through the Big Sandy - 
Valley from Magnolia to Minerva at levels, for the upper seam, ranging 
from 480 to 440 feet above Lake Erie, the lower seam holding steady 
at 25 to 40 feet below the upper. 2d. The Lower and Upper Freeport 
coals, also numbered 5 and 6 by Newberry, in Columbiana county, 
were followed from their unmistakable and’ undisputed developments 
in the Yellow Creek and the Little Beaver Valleys, along the line of 
the Cleveland and Pittsburgh Railroad, as far as Rochester Station and 
the Sandy divide. The Upper Freeport coal is the seam that is mined 
at Rochester, as all agree, and its altitude above L. E. is 570 feet. The 
Lower Freeport seam is frequently met, 30 to 40 feet below it. 3d. A 
boring made at Rochester shows the coal seams, Nos. 5 and 6 of the 
Tuscarawas series, 120 feet below the Freeport coals, numbered 5 and 6, 
to the southward. 

These facts show with sufficient clearness and certainty the dupli- 
cation of several of the numbers, and notably the numbers 5 and 6, by 
which the more important seams of the Lower Coal Measures are 
designated in Newberry’s classification, and it thus becomes apparent 
that the coal seams of the Tuscarawas Valley cannot be correlated with 
those of the Ohio Valley by their numbers. But these facts do not 
stand alone. There are other lines, entirely distinct from the points 
already made, which serve to confirm in the strongest way the conclu- 
sions that have now been reached. 

Note may be made in passing that, in character, the Freeport coals 
are quite different from the Kittanning coals below them. The Kittan- 
ning coals, though thin, are quite regular and steady. The Upper 
Freeport coal is extremely irregular and liable to “ wants,” but its 
maximum thickness is double that of the coal below. The Upper 
Freeport coal, as compared with the Middle Kittanning or lower No. 6 
throughout this region, is inferior in quality. It is divided by irregular 
slate and sulphur “ binders” as well as by its regular shale parting, but 
the lower seam shows only the regular partings. The Freeport coal is. 
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also higher in sulphur as a rule, and generally higher also in ash. The 
Middle Kittanning coal is always a harder and stronger coal than the 
Upper Freeport. It is largely used as a domestic coal, whereas, the 


‘Upper Freeport is almost exclusively a steam coal. 


It will be remembered that in the dividing ridge near Rochester, 
between the waters of the Middle Fork of Little Beaver and the Big 
Sandy Fork of the Tuscarawas, the elevation of the Upper Freeport 
coal is between 570 and 600 feet above L. E. The coal terminates at 
this point for a number of miles along the railroad from lack of ground 
high enough to hold it, but as the dip is very light through all this 
region, as shown in the elevations already quoted of the Middle Kittan- 
‘ning coal, we ought to count upon finding the Freeport horizon again 
on the north side of the Sandy Valley. Newberry reports it at Moultrie, 
6 miles north of Rochester, and also at New Chambersburg and New 
Franklin on either side. At Moultrie, it is 75 feet above the railroad, 
or about 600 feet above L. E. (vol. III, p. 104). At New Chambers- 
burg, it is 629 feet above Lake Erie, according to Whittlesey. Its 
limestone accompanies it here. 


This shows the continuity of the horizon, but we need not go so 
far to reach it. It bounds the Sandy Valley from Bayard to Magnolia 
on both sides. It is especially conspicuous throughout Paris, Brown 
and Ross townships. The horizon can be followed, in fact, from this 
point to the Ohio river in unmistakable distinctness. Throughout Tus- 
carawas county, there is not an element in the scale better known than 
the Upper Freeport coal, though under another name. 


A few sections taken in Paris and Brown townships will be given 
to bring out these facts in proper light. In Paris township we can 
avail ourselves of the levels of the Connotton Valley Railroad to some 
extent. | 

The Kittanning coals, Lower and Middle, are both shown at Osna- 
burg (Nos. 5 and 6 of the Tuscarawas series). The Middle Kittanning 
coal has been long and extensively worked here. Its elevation above 
L. E. is 618 feet, and the Lower Kittanning coal is but 15 to 18 feet 
below it. The Putnam Hill limestone comes in at its proper horizon 
one mile to the northward, and the Ferriferous limestone is represented 
30 feet above it, by a calcareous sandstone. Following the railroad to 
the southward, the Osnaburg coal is easily traced by frequent mines to 
Robertsville, Paris township, where also the Lower Kittanning coalis 
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tound, with the same interval as at Osnaburg. The Upper coal has 
fallen here to 540 feet above Lake Erie. Both coals have been mined 
in the immediate neighborhood. 

The Middle Kittanning coal being 540 feet above L. E., the Upper 
Freeport, according to the measures last found, should come in at 660 
feet above L. E., or thereabouts. On the Shull Hill, one mile north of 
Robertsville, this seam is found 24 inches thick, but capped with 5 feet 
of blackband ore, at an elevation of 147 feet above the Middle Kittan- 
ning coal. This places it at 687 feet above L. E., higher by 20 feet 
than we had expected to find it. There are two other farms in the same 
neighborhood high enough to hold it, viz., the Wolf and the McNutt 
farms, and on both of these the coal, capped with the ore, occurs at the 
same level. On the Grafton Furnace Company’s property, just over 
the line-in Osnaburg township, the distance from the Middle Kittan- 
ning to the Blackband coal is 118 feet. On all of these tracts, the ore 
has been extensively worked. A conclusion which we cannot receive 
without surprise, is thus forced upon us, viz., that the great blackband 
horizon of Stark, Carroll, Tuscarawas and Guernsey counties is the 
Upper Freeport horizon. This conclusion will be shown to be estab- 
lished on the firmest grounds before the subject is dismissed. 


Passing down the railroad, we find one mile below Robertsville, 
on the farm of Joshua Unkefer, a section from the Middle Kittanning 
coal to the Upper Freeport that is distinct and clear, and that cor- 
roborates the measurements already taken. 

The Middle Kittanning coal has been opened by the side of and at 
the level of the railroad, and 147 feet above it we find a characteristic 
showing of the Upper Freeport horizon, containing coal, clay and lime- 
stone. It is as follows: | 


Upper Freeport coal, rotten and worthless .. ........ ....sescseeeseseee 1 foot. 
Pire-clay . ......ccccsccescccesceceessaccescnssssceecssens cecenssensssessssoss cess . 4 feet. 
Upper Freeport limestone. ............cccsscscscccsscnssssssesecccescsooerees 4 “ 
Interval concealed ...........005 ccsseceselecececs conse saseese eeetessceees 4h 
Sandstone, quarried (Lower Freeport)..........ssccsccsecsscsseesceeecees 12 “ 
Interval concealed.............ssecsssscscssesccccstcscctone ananunensannranenn 78 “ 
Middle Kittanning coal.............. sccccssesccsccccsccvccsceveccessscccecses 8 “ 


Lower Kittanning coal reported below. 


The limestone has been quite extensively quarried and burned on 
this farm, and also on the adjoining (Eckerman) farm. The interval 
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from the Kittanning coal to the Upper Freeport limestone is precisely 
the same as was found between coal and blackband in the section 
already given. 

On the Robertsville road to Minerva, the Lower Freeport limestone 
occurs in good development at several points. One is just above the 
Robertsville Station, and a second is on the Slagle Hill, near Minerva. 
The limestone is from 80 to 100 feet above the Middle Kittanning coal. 

The southward dip carries the Osnaburg coal down to 450 feet 
above L. E. at Oneida where the railroad reaches the Sandy Valley. 
The seam, us has already been stated, is opened on nearly every farm 
through the valley. At Malvern it is quite extensively worked by 
T. M. Creighton, in the southwest quarter of section 18, Brown town- 
ship. The Lower Freeport coal, 2 feet thick, has been opened at just 
100 feet above the Middle Kittanning coal on this farm, and near by, 
on the J. Weis tract, southwest quarter of section 7, an old mine of the 
Upper ‘Freeport coal is found. The limestone appears in the adjacent 
ridges in strong force. On the Foltz Hill, it is not less than 8 feet 
thick, and is thoroughly characteristic in all respects. The Weis coal 
was but 24 or 25 inches thick. It carried no blackband with it, but it 
was covered by a con:iderable body of black shale. 

At David Stull’s farm, in Sandy township, Stark county, near the 
western line of Brown, a measurement was again obtained between the 
Middle Kittanning coal and the Upper Freeport coal. The interval is 
here 132 feet. The upper coal was found 3 to 4 feet in thickness, and 
the black shale over it carried iron enough to lead to its being mined 
on the large scale, many thousand tons being calcined, but it proved too 
lean an ore to be used with profit. 

The Magnolia section already shown on page 92, when extended 
so as embrace all of the elements that fairly belong to it, proves to be 
the most comprehensive and the clearest section of the Sandy Valley. 
It was extended only to the Middle Kittanning coal (No. 6 of the Tus- 
carawas Valley), but by following this well-known seam 4 mile to the 
southeast from Magnolia Station, it becomes possible to add 150 feet 
of overlying strata to the section. 

On the V. Rhinehart farm (n.w. # sect. 24, Rose tp.) the coal 
seam which made the top of our previous section is mined, and on the 
summit of the hill, which rises above the coal bank, the Upper Free- 
port horizon is reached. It holds, or rather held, 2 feet of coal, over- 
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lain with a heavy bed of blackband ore. The area is small, and coal 
and ore were worked out of it a number of years ago. On the Gibler 
farm adjoining, and also on the Samuel Creighton farm, the blackband 
has been opened and worked quite largely. On the Rhinehart land the 
section is as follows: 


Above L. E. . Feet. 
1. Mahoning sandstone, pebbly.........c.ccssscesserscecsscccssccreces 8 
2. Shale ........ ccccccccssssssavcsvccsccssncsccccsses onenunuer pessecses senses . 6 
8. Blackband ore, 0 to 10 ft. worked out............ccsccscecccevees 5 
612/ 4. Coal, reported 2 to B fit......ccccccsosssconceccsscnsvccressssncsescoecs 2 
BH.  Fire-clay............csccsssroccscsccecccecnesscaescnecs saceccesccsecssorecs 3 
6. Sandstone and shale, and concealed...........cceccscscsccscesess 87 
7. Lower Freeport sandstone, massive and conglomeritic. 
SOON ......scscscccscscscccccsccccscesccscssescecscscccessncessnconscoccsces 30 
8. Concealed .........cccccccccsssssccccccsceccescocegesnscassesscsoss cessesees 55 
482’ 9. Middle Kittanning coal (No. 6, Tuscarawas) sessceccscnssecees 8 


The elevation above Lake Erie assigned to the Upper Freeport 
coal is slightly in excess of the true measure, as the coal seam which we 
use as a base has been carried downwards somewhat by the dip, before 
it comes to be used in the new section, but the true elevation is not 
less than 590 feet above Lake Erie. 

On the Rhinehart farm, the distance from the Middle Kittanning 
coal (No. 6 of Tuscarawas) to the Upper Freeport coal is 130 feet. On 
the Creighton farm, the same interval measures 142 feet. 

The Upper Freeport limestone is found at points without number 
at this same general elevation. It is frequently burned into lime for 
local supply. 

The Lower Freeport sandstone, No. 7 of the previous section, be- 
comes an element of great importance in all of this part of the country. 
It is quite coarse, and at times even conglomeritic throughout Stark, 
Tuscarawas, Holmes, and Coshocton counties, and this fact has helped 
to the wrong identification of it with the Mahoning sandstone. The 
latter stratum is also distinctly conglomeritic throughout this same 
region. Where the Lower Freeport sandstone has been counted the 
Mahoning, it has been found necessary to give a new name to the true 
Mahoning sandstone. This is called the Stillwater sandstone in the 
valley of the same name. The fact that the true Mahoning sandstone 
is more decidedly a conglomerate than the Lower Freeport sandstone, is 
remarked by Newberry in vol. II, p. 153. 
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The Lower Freeport sandstone has throughout this region fre- 
quently a pinkish or reddish tint, which is quite characteristic. 

The blackband coal of the last and previous sections is Coal No. 7 
of Newberry, wherever he counts the Middle Kittanning coal No. 6, but 
it is clear that the No. 7 of Magnolia is one and the same seam with the 
No. 6 of Rochester. Both hold the same relations to the series in every 
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particular. Both are at substantially the same elevation above Lake 
Erie, and more than this, the whole section can be carried along through 
an open valley without a break or interruption of any sort from point to 
point. 

Precisely the same line of facts will be shown to exist in several 
other fields to which this confusion of numbers has reached. 

The Magnolia section, as now extended, becomes so full and satis- 
factory that it is reproduced in the preceding diagram, Fig. XV. 

Following still further to the southwestward the line of the Cleve- 
land and Pittsburgh Railroad, we reach Mineral Point and Zoar Sta- 
tion, localities that must always be regarded with interest in Ohio 
Geology, on account of the use made of the sections which they sever- 
ally furnish, by Newberry, in his arrangement and classification of our 
Lower Coal Measures. The series shown in this general district is unu- 
sually full and interesting. 

Its lowest portion is found at Zoar Station, where the Lower Mer- 
cer limestone is found occupying the bed of the Connotton. This stra- 
tum cannot be well seen here, except at low stages of water, but it is 
very conspicuous in all of the county to the westward. Its coal, No. 
3 of Newberry, is of little value in this part of the State. 

The Upper Mercer limestone is more conspicuously shown at Zoar 
Station than the Lower Mercer. It bears a block or “ rock ” ore, which 
is sometimes dug to a small extent, and it covers a coal seam which is 
more frequently of mineable thickness than the Lower Mercer coal. It 
is No. 3a of Newberry. The limestone is quite uncertain, but the coal 
almost always marks the horizon. Forty feet above the Upper Mercer 
limestone, or 70 feet above the Lower Mercer, the Gray or Putnam Hill 
limestone is found in the railroad cut. 


The section in its details is as follows: 


Above L. E. Feet. 
861’ 1. Putnam Hill limestone .............cccccsceccoscecccecssvcceceseccssns 8 
2. Coal—Brookville (?), No. 4 of Newberry ........cccssssscesceess 1 
B. Fine grained shale.............:sscsssccscovccccsscccccvcessccces senses 5 
4. Sand-rock ......scccceveccescecees Lonsnensnssunennnnannnsnensnannnnnennensne 5 
B. Shrale............ssscscssees sosccscnssseses seccscccececcesscesce epecsscccesens 5 
6. Coal—Tionesta (?)......cccccccees sassceses sonsescnccnscee sossescceccnce - 4 
7. Sand-rock.........cccssccsccesccssssccecsccrcsscessccacs secsceccccosccscceece 23 
8. Shales with “rock” ore, 1 to 4 ft...........cccscsssccccececceccceces 1 


RM Hmmm mu eee ee m = a 5 En see o- 
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320’ 9. Upper Mercer limestone. ...........csccccsscssssrsccccscsscesveccosces 3 
10. Upper Mercer coal, } to 8 ft...........csssscsssssncseccescnsseessees 2 
11. Fire-clay and shale.............s.ccvccecccccsscoesserscescesccscecses „ 27 
28% 12. Lower Mercer limestone......ssssuerssnnsnnnnnnsennnnnsunronunsenne - 2 


18. Lower Mercer coal. 


The remainder of the section has been so thoroughly worked out 
and described by Newberry in his report on Tuscarawas county (vol. 
ITT), that it is not necessary to describe it here in detail. The order 
and the measurements which he reports can be adopted without ma- 
terial change. 

The Lower Kittanning or Mineral Point coal, No. 5, lies about 60 
or 70 feet above the Putnam Hill limestone. 

The Middle Kittanning or Pike Run coal, if the seam shall be 
named from the area of its best development and largest production in 
Tuscarawas county, No. 6 of Newberry, is in this region 40 or 50 feet 
above the Mineral Point coal, and a thin seam is often found between 
the two. 

/ At 120 to 130 feet above the Pike Run coal, the blackband or 
Upper Freeport horizon is reached. Coal, clay and limestone all occur 
in characteristic development throughout the region. - 

The Lower Freeport coal is irregular and uncertain, but it is fre- 
quently seen, as is also its limestoae. The Lower Freeport sandstone, 
in its conglomeritic phase, makes a prominent element in all sections 
here. The Mahoning sandstone is also conspicuous and well marked. 

In other words, the section found in the Connotton and Tuscara- 
was valleys is in all respects identical with the section followed down 
the Big Sandy. 

But the same cannot be said of all of the interior territories. The 
promising coal field now in process of development in the Connotton 
Valley rests under the ambiguity of the duplicated numbers, but it will 
be easy to show that its No. 6 is the seam of that name to the south- 
ward, or in other words, the Upper Freeport coal. Its position, so far 
from the margin of the coal field, is enough to show that the Kittanning 
coals could not appear there except as a result of reversed dip or other 
considerable irregularity. There are low anticlinal axes traversing the 
field, it is true, but there is no such irregularity as the presence of the 
Kittanning coals would require. The Dell Roy and Sherrodsville coal 
is without a question the Upper Freeport coal. 
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To make this apparent, the series will be traced from Zoar Station 
up the valley of the Connotton to the field now under consideration. 

The Connotton, like all streams that flow against the general trend 
of the drainage, has but little fall. A dam of serviceable height for 
milling purposes, anywhere in its lower courses, sets the water back for 
several miles. Given the elevation of the stream at any point, it is easy 
to trace its rise or fall by means of these long pools. 

At Zoar Station, Coal No. 3 of Newberry, the Lower Mercer, is at 
the level of the stream, and the Kittanning coals are approximately 130 
and 175 feet above it. The elevations of the same seams above Lake 
Erie would be as follows: 


Middle Kittanning or Pike Run coal .......00... cessesscessvacesccsevees 475 feet. 
Lower Kittanning or Mineral Point coal ............ccsscscsssseccsees 490 “ 
Lower Mercer or Blue Limestone coal ...... zoo... seceeevceesesceeces . 800 “ 


At New Cumberland, the upper of these seams is largely worked 
on the farms of Thomas Scott and others. As to the identification of 
the coal there is no question. It holds the same relation to the black- 
band horizon, which becomes the main guide in this region. The Scott 
coal is about 60 feet above the valley of the Connotton, or about 380 
feet above Lake Erie. This shows its dip to be about 15 feet to the 
mile in a southeastward direction, which is altogether normal. The 
Mineral Point coal is followed with it up the valley, being opened at 
numerous points. The last mine that deserves the name is found near 
the mouth of the Indian Fork of Connotton, on the farm of John Tate, 
section 22, Warren township. The entry is 15 feet above the valley of 
Indian Fork, which is here at about the level of the Connotton. The 
Pike Run coal (Middle Kittanning) occurs 30 feet above it, but it is 
thin. The interval between the coals is filled, as usual, with shales con- 
taining many nodules of carbonate of iron, dark-blue and fine grained. 
The massive balls of fossiliferous limestone that are found at the Pike 
Run mines above the coal, and which are very characteristic, appear 
also at the same horizon here. 

At Moughimon’s Mills, in the valley of Connotton, a mile above 
the last named point, the Mineral Point coal has come down to the 
level of the stream. It has been opened here and worked in a very 
small way. The coal is 2 feet thick, hard, bright and excellent. The 
shales above it are in all respects characteristic. At 32 ‘feet above the 
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lower coal, the Middle Kittanning coal is found for the last time in 
this field. It has been mined here in years past. It is from 2% to 34 
feet thick, and the quality is reported as fair, hut the roof is poor and 
mining has therefore been abandoned. It is 363 feet above Lake Erie 
at this point. 

Crossing the county line into Carroll county,. we find within 1} 
miles of Moughimon’s Mills, the Dell Roy coal opened and worked in 
an unbroken chain of mines. The first that we reach is the Bartholo- 
mew coal bank. It is 108 feet above Connotton or 446 feet above Lake 
Erie. The Kittanning coals have been carried below the bed of the 
creek by the dip which we have thus far followed. 


The relations of the Pike Run coal to the Dell Roy coal, both of 
them known as No. 6 in the State series, can be seen by the foregoing 
facts. The Kittanning coals, viz., the Mineral Point and Pike Run, have 
fallen to the level of Connotton at the Carroll county line. The Dell Roy 
coal at its first appearance in this line of sections is 108 feet above Con- 
notton, and more than this distance above the Middle Kittanning coal. 

The Lower Freeport coal is found at Dell Roy, 25 feet below the 
main seam. It is but 18 inches thick, and is described as highly 
cementing in character. 

This section is seen to confirm in all respects the conclusions drawn 
from the coals of the Sandy Valley and Columbiana county. 

It may be added that the Freeport horizon is further attested by 
its limestones which almost constantly accompany the coals. 

The Upper Freeport coal at Dell Roy is about 100 feet above Con- 
notton water. The entry of Empire Mine No. 2 is 459 feet above 
Lake Erie. The seam falls slowly to the southward, as can be seen by 
the closely connected openings up the valley of the Connotton. At 
Sherrodsville (New Hazelton) the coal is 409 feet above Lake Erie. At 
the point above Sherrodsville where the Wheelingand Lake Erie Railroad 
crosses the Connotton, the coal is 397 feet above Lake Erie. The 
Lower Freeport coal is also opened here at 51 feet below the upper 
coal. 

The Upper Freeport coal has been worked at Smith’s Mills, 2 miles 
farther up the stream, and on every farm in the interval on the east side 
of the creek. It lies nearly level in the direction of the valley for a 
few miles. It is worked quite extensively at Leesville (Leesburg), and 
attains its highest quality here. At Bowerston it is mined for local use, 
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at 370 to 380 feet above Lake Erie. A boring lately made here shows 
the Lower Freeport coal in good development from 50 to 60 feet below 
the Upper coal. The thickness of the seam, according to the affidavits 
of the drillers, was 5 ft. 2 in. 

The coal mined at Bowerston can be followed to the westward. It 
runs under the divide of Tunnel No. 10, on the P., C. and St. L. Rail- 
way, soon after the station is left, but it emerges promptly on the 
western side of the tunnel near mile post 86. It has been mined here 
on the Bell farm, 15 feet below the railroad, where numerous openings 
are shown. On Jacob Wyandt’s farm, the coal has been largely worked 
22 feet below the railroad. The seam is here fully 4 feet thick and of 
the usual quality. It is also worked for shipment on a small scale at 
Reed’s bank, still further west. At Clark’s farm the Lower Freeport 
coal has been worked. It lies 54 feet below the Upper seam, and is 
said to be 3 feet thick, but no entries are now open. The Upper coal 
is worked on the Patterson tract still further west, and also at the 
Stoner bank, where it has risen to 43 feet above the railroad. The last 
point where it is mined in this field is at the Wesley Foster bank, 1 mile 
west of Philadelphia Road. It is here about 60 feet above the 
railroad. 

Two miles further west the Dennison coal is reached as it first rises 
from above the railroad grade. Its elevation above Lake Erie is here 
275 ft., while the Upper Freeport coal at the Foster bank cannot be 
less than 340 feet above Lake Erie. This point is about 6 miles west 
and 2 miles south of Bowerston. 

The Dennison coal is without doubt the Middle Kittanning or - Pike 
Ran seam, and thus the line of sections now followed is seen to furnish 
a new demonstration of the order of the coal measures, so far as the 
Freeport and Kittanning horizons are concerned. The conclusions 
reached from these observations are identical with those already estab- 
lished in other parts of the field, but nowhere does the true order come 
out in clearer light. The leading facts may be thus recapitulated : 

The Dennison coal (Middle Kittanning) falls below railroad grade 
just east of Dennison. One and a half miles to the eastward, the Upper 
Freeport coal is found 60 feet above railroad grade at that point, or 
about 100 feet, dip being included, above the Dennison coal. The seam 
can be followed from this first opening by a constant succession of mines 
to Bowerston and Leesburg. Throughout this territory it has been 
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styled Coal No. 7, but the same seam becomes Coal No. 6 at Sherrods- 
ville, Dell Roy and Carrollton. Traced down the Connotton Valley, it 
is found in the border hills on the Bartholomew farm, 1 mile below 
Sherrodsville, 108 feet above the valley. Two miles below this point, 
at Moughimon’s Mills, the Kittanning coals are both found, in alto- 
gether normal relations, the Lower seam being at the level of the stream. 
From this point they are followed in clear and definite sections to Zoar 
Station and Mineral Point. 

To these same localities the general series has been followed, as it 
will be remembered, from the Pennsylvania line. From Zoar Station 
to the southward and westward, the series has been traced without in- 
terruption or question, so far as the main elements are concerned, through 
the deep valleys of the Tuscarawas and the Muskingum to Zanesville. 
Through all of this district, Newberry’s Tuscarawas county section applies 
without essential modification, and we could pass at once across the 
three counties that occupy the interval without losing our hold on the 
series, but it will be well to give a few typical sections that occur here. 

One digression, it is, however, necessary to make. The Cambridge 
coal field is one of the most important of the State, and its eeries rests 
to some extent under the ambiguity of the double numbers. It has 
been identified by Stevenson as No. 7 of Newberry’s series in Tus- 
carawas county. This refers it to the Blackband or Upper Freeport 
horizon, and here, as will be clearly shown, it belongs. 

The district can be reached most advantageously by the line of the 
Wheeling and Lake Erie Railroad, formerly the Cleveland and Marietta 
Railroad, which leaves the Tuscarawas Valley at New Comerstown. 

At this last-named place, we find the following section. It extends 
from the Lower Mercer limestone, which is shown at Suydam’s Lock, 
to one of the coal banks that is worked for the supply of New Comers- 
town : 


Ft. In. 
1. Coal—Middle Kittanning, Pike Run, No. 6............scecsscsevesees 2 9 
®%. Fire-clay .......c.ccccveccecoveccnos scccccces soeccccccee cesses secceescessssenerses 5 
8. Interval concealed ..........sscscesees Decesaeces saneeacee cesses seesecseeve: 58 
4. Limestone—Putnam Hill ............,.sccscorcceseecrsserssccee secs ceeees 2 
5. Coal—Brookville, Gray Limestone coal, No. 4, etc ........sess00 - 0 10 
6. Interval concealed, with sandstone, heavy bedded, at base.. 37 6 
7 Coal—Tionesta or Sandstone seam (8D) ......sccccsccscsescceccsesceces 1 
8. Shales......scccsccessoreseseees aces secevesescsessccsececescessencesete senses anne 4 
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Ft. In. 
9. Limestone (flinty)—Upper Mercer .............cccccscssssssesessncnes „8 
10. Coal—Upper Mercer, No. 84............ccessccccccccsccccsrssccssncscseves 0 6 
11. Interval concealed ...........c.ccscccsrsccssrssesccarscescescvccesvavcesess 21 
12. Limestone—Lower Mercer, Zoar or Blue.........ccccosccescvsvecceess 8 
18. Coal—Lower Mercer, No. 8 ......csscscccsssscccccscnccssssccses soccscaces 0 10 


The section needs but little remark. The Tionesta coal No. 8 is 
not usual in this immediate neighborhood, but it is one of the regular 
seams of the district. The Lower Kittanning or Mineral Point coal is 
wanting for quite an area about New Comerstown, and the interval 
between the Putnam Hill limestone and the Middle Kittanning coal is 
somewhat smaller than is generally found. 

Following the railroad southward from the Tuscarawas Valley, 
this last-named coal seam is shown in the approaches to Tunnel No. 3, 
and is worked in numerous small mines along the line. In particular, 
it is opened by John Booth in the neighborhood of Bird Run Station. 
Several borings have been made here, and all strike the Putnam Hill 
and Lower Mercer limestones at the same intervals found on the north 
side of the divide. Furthermore, we reach a valuable deposit of black- 
band ore within a mile or two of the station. The section, as thus 
completed, is as follows: 


Ft. In 
Blackband ore (7 feet maximum) ............scccsssecscssseces se seores sovees 5 
Coal—Upper Freeport, Blackband seam .............0.-ssecccssssccessvers 1 8 
Interval concealed...........seccesssser ssssssscssce vccccevassevees sccess cocseases 140 
Coal— Middle Kittanning, No. 6............ceccccssecsessses socccsscscssecoees 8 
Interval concealed..........cccccsscsccsccrscscsccscsesscsces sansen sonescess sasess 68 
Limestone—Putnam Hill, struck in drill-holes. 
Interval.........000000000 ssonononnannssnunsennunnnunennunonnuunssennnnennnessennnnee 70 


Limestone— Lower Mercer, struck in drill-holes. 


A considerable deposit of black slate and coal was found about 
80 feet below the Lower Mercer limestone in several drill-holes in this. 
immediate neighborhood. This deposit, which was counted as the 
Briar Hill or Sharon coal, by the drillers, will be considered in a sub- 
sequent chapter. 

We have now reached the streams that drain to Will’s Creek, and 
by means of the tributary valleys and the main valley, we can advance 
without interruption to the Cambridge coal field. Like the Connotton, 
Will’s Creek is a stream flowing against the general trend of the drain- 
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FIGURE XVI 
SECTION AT KMBOLTON GUERNSEY COUNTY. 
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age, and, like it also, it has a very slow descent, the average fall having | 
been found to be not more than 1 foot to the mile. 

We have already recovered the section that we left on the Tus- 
carawas side of the divide, in its integrity. The Putnam Hill lime- 
stone is the base of the new section, and the Upper Freeport coal its 
summit. The limestone is found near the lowest level of the valleys. 
Its last ocourrence is one mile above Kimbolton (Liberty), on the 
J. 8. Frame farm, section 24, Liberty, where it has been quarried and 
burned for lime in past years. Its coal is below it here, but it is thin 
and worthless. sO | 

The Lower Kittanning coal takes its place again in gome of the 
sections, and the interval between the Putnam Hill limestone and the 
Middle Kittanning coal is somewhat increased. The Kittanning clay 
is also well shown beneath the Lower coal. As to the Middle Kittan- 
ning coal, everybody knows its place and its character. It has been 
opened and worked on every farm without exception for a number of 
miles in the main valley. 

The section which begins at Kimbolton with the Putnam Hill 
limestone can be carried, in the high ridge that lies south of the town, 
(the New Salem Ridge), up to the Cambridge limestone. This is a new 
element, but one that will be found almost indispensable to our safe 
advance to the southward. The Kimbolton section becomes very 
valuable by reason of the fact that it embraces these two characteristic 
elements. It is shown in the accompanying diagram, Fig. XVI: 

The Lower Freeport coal and the Kittanning clay were both found 
in a shaft sunk by Hon. T. S. Luccock near his residence. 

The upper portion of the section was measured in the Salem road, 
southeast from Kimbolton, beginning with the Middle Kittanning coal, 
as opened on the James Gibson farm, section 22, Liberty. The Cam- 
bridge limestone occurs almost everywhere along the Salem ridge, sec- 
tion 1, Liberty, extending as far as the Henry McCartney farm to the 
eastward, and southward to Cambridge with but few interruptions. It _ 
was mistaken by Stevenson in this part of the county for the Crinoidal 
limestone, which it resembles in some of its phases. The Crinoidal 
limestone belongs fully 100 feet higher in the scale. 

The Gibson coal, which makes the base of the upper section, is 
below the level of high water of Will’s Creek. The seam can be fol- 
lowed to the south line of Liberty township, where it goes under the . 
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FIGURE XV 
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creek. It has long been worked in sections 18 and 19 for the manu- 
facture of salt, at both Warden’s and Broom’s (formerly Ferbrache’s) 
Salt Works. It lies 15 or 20 feet above the level of the creek in all of 
the mines in this neighborhood. The Lower Kittanning coal has been 
reached by Robert R. Miller in a shaft on his farm, section 12, and 
also by J. M. Warden on section 18. The interval varies from 28 to 
33 feet. The character of the coal in Warden’s shaft is excellent. In 
early days this coal was pried out of the creek bed at Miller’s Ford. 

The Middle Kittanning coal all through the valley is known as the 
“Middle Vein,” and the Lower Kittanning coal as the “Lower Vein.” 
The term “upper vein” is applied to the Lower Freeport or Upper 
Freeport indifferently, the latter being worked in far the largest number 
of instances. On Robert R. Miller’s farm we find a short though ex- 
cellent section. It is as follows: 


Ft. In. 

Coal—Lower Freeport, formerly mined in small way.. ............... 1 6 

Fire-clay and ahale ..........scccsccscsscsccccsscccscsesssenccseccc cesses sesseene LO 
Limestone—Lower Freeport............sescscscscscccscccsssceccccscesoscescccece 1 

Concealed .............. Diccscnccsccsccveccessccsconsees ensnsnnnsnnenensnnnsanenseen 65 
Coal—Middle Kittanning No. 6 .........10. sesseccccscsescecccccssescssesscoses 8 

Fire-clay, shale and nodules Of or& .......ccccscccccssscecccscescccccnees 28 
Coal—Lower Kittanning (in shaft), reported to be.............sssceses 4 9 


At Broom’s Salt Works, on the east side of the oreek, a long and 
valuable section is found. It may be made to include the Lower Kit- 
tanning and the Lower Freeport coals also, as both are found in the im- 
mediate neighborhood, though not recognized at this very point. The 
section is seen in Fig. XVII. 

It will be seen that this seotion almost duplicates the Kimbolton 
section. By the two, the following facts are established, viz.: (1) the 
interval between the Middle Kittanning and the Upper Freeport coals 
is here about 160 feet, an increase of 20 or 30 feet from the Tuscarawas 
county sections ; (2) the Cambridge limestone lies 110 feet above the 
Upper Freeport coal ; (3) the Upper Freeport coal is no longer capped 
with blackband. The disappearance of this last-named element is not 
abrupt. At Kimbolton, on the farm of Joseph Proctor, section 22, 
Liberty, the’ black shale above the coal has thin courses of genuine 
blackband ore, but the aggregate is not large enough to repay working. 
Similar facts are found throughout the vicinity. 

A thin coal seam that comes in between the Middle Kittanning 


> 
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coal and the Lower Freeport horizon does not appear in either of these 
sections, but it is quite frequently found in the neighborhood. It has 
been opened at Warden’s Salt Works, and it is worked on a small scale 
at Oldham’s, 2 miles below Cambridge. The vein, though thin, is 
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counted of exceptionally good quality. This appears to be the seam 
that was struck near the level of Will’s Creek at Morton’s Mills, in 
Cambridge, but a somewhat greater thickness is reported here. It may 
be provisionally identified with the Upper Kittanning coal of Penfi- 
sylvania. 

The two limestones that are found in the upper portions of the 
last two sections, viz., the Cambridge and the Upper Freeport, serve to 
guide us as we advance to the southward. The Cambridge limestone 
is unmistakable when its stratigraphical place is taken into the acoount, 
and the same may be said of the Upper Freeport. If either were found 
alone in a section, without other elements to indicate the order, it would 
be possible to mistake the Cambridge sometimes for the Ames, and the 
Upper Freeport for the Lower Freeport limestone, but in such sections 
as are here exposed there is no difliculty in holding the order with the 
same assurance that visible continuity would inspire. 

Both limestones come into the seotion that is found at Cambridge, 
with mary other elements, ° 

In the hill just west of town, that is pierced by the tunnel of the 
Baltimore and Ohio Railroad, we find a clear and comprehensive section. 
It is represented in Fig. X VIII. 

Four coal seams are found in the Tunnel Hill section. The upper 
one is a persistent bed in the Barren Measures, through several counties 
at least. It is the Norwich coal of Stevenson, and the Anderson coal 
of Andrews. It is frequently found 30 inches thick ,and of fair quality. 
There has been much uncertainty as to which of the three lower coals 
of the tunnel section represents the Cambridge coal, if any one of them 
marks its horizon. In the light of the measurements here recorded, 
and the various elements that are shown in the section, the question 
becomes an easy one, and only one answer is possible. The middle 
seam of the three is certainly the Cambridge coal. It lies 132 feet 
below the Cambridge limestone, it is true, instead of 110 feet, as in the 
last two sections recorded, but all the intervals expand slowly to the 
southward, and every fact agrees perfectly with this explanation. The 
Upper Freeport clay and limestone both appear below the coal in 
thoroughly characteristic form. The Lower Freeport coal is seen at 
the proper interval below, and the Brush Creek coal at the proper 
interval above it. This last-named seam might have been included in 
many of the sections between this point and the Pennsylvania line. 
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The chief difficulty has been that the Cambridge coal exists in fine 
development at short distances, in almost all directions, and the con- 
clusion that one of these thin and worthless beds must be taken for its 
répresentative here has been an unwelcome one. But the Upper Free- 
port coal is everywhere unsteady in volume, and there is no large terri- 
tory of it without many interruptions and “ wants.” 


The same section can be found in the hill directly south of the 
town. The Cambridge coal has been opened here 18 inches in thick- 
ness. The interval from the coal to the Cambridge limestone is 137 
feet at this point ; the coal is about 100 feet above Will’s Creek. 


Cambridge is situated at the axis of one of the low arches that - 
traverse our coal field. AM of the beds dip gently to the east and west. 
The true direction of the dip is probably southeast and northwest, but 
the valleys are so cut as to show the east and west elements of it most 

conspicuously. The coal, which, as has been said, is 100 feet above the 
creek, comes down to nearly the creek level at Cassell’s Station, 5 miles 
westward, and to the same level a few miles east of Cambridge. 


The. Upper Freeport coal (Cambridge seam) exists in fair de- 
velopment at Cassell’s Station. For 30 years it has been mined for 
local supply on the Farrar farm, where it is scant 3 feet in thickness. 
On the adjoining farm of Steele, Lanfesty and Ringer, the coal has been 
recently opened, and a peculiarity of the seam through a considerable 
amount of adjacent territory is well displayed. The seam is here 
doubled, showing the following structure : 


Sand-rock, Mahoning, pebbly. mine 
Black and blue shales, with bands of heavy ore (2 to 6 ft.)......... 2 

Coal ....ccccecesces secescsereccnscsscansccssecenassecsscreesesssccasesccees seeseeses ~ 2 9 

Fire-clay, hard .......ssscssccsscssscsssecscccesccsssesscsessssccsscecccsesceens 1 4 
Coal, heavy and impure............esosesuoonsenensessonusunsnnnnssnnnnnennen 2 


This marked feature helps greatly in. identifying the seam to the 
northward. It is found in a number of mines in Liberty township, and 
has aided in the identification of isolated exposures. 

The limestone is due near the level of the lower coal. Jt may be 
replaced by this lower bed. 

The Cambridge limestone is found at a proper elevation above the 
coal. The section is as follows : 
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Ft. In. 
Limestone—Ames (7), reported. 
Concealed....esese soccccccrsrsccccccccssccssscccscecssscssceccssceces tosses cesceoses 68 
Coal— Anderson BOAIN.......ccescssccersssccsscccncncncscsnscosncceccsesccccasces ~ 2 6 
Shale, red ........sssccsecossccsscccnscncnsces csocscevesceccsscsscceessocecasescceses 10 
TAmestone—Cambridge.............ccscsscee csccescccsscscesscccerecsccerccssccees 4 
Fire-clay and red shale.........ccscscssscsssesscsccsee secsssccoscesesecscceees 15 
Concealed..........cscosesccccsceccccnse ssccssecscecere cocsssesccsccssecscosccesces 20 
Sand-rock, heavy (S€0MN)...........csccceccsece soccscccccccecscossceccncecees 25 
Black slate, highly bituminous with marine fossils................0000 5 
Coal—Brush Creek, Salineville Strip Vein ..............ccsccccesecsecaeee 1 4 
Concealed .......c.cccsesscsscssce soonaunen svcccccnaccset esses essecsssocesessceceen 25 
Sandstone—Mahoning, Conglomerate ............. PEPPLUEPFSBPLLELTPPPELERN 26 
Black alate, with seams Of iron OF .....cc0..sscescsescccccscceccececerececes 6 
Coal— Upper Freeport ...... .......os.oonaesuoronounannnsensnennorsnsnnnnnnansnnen 8 
. Fire-clay ............scsccescnccsccsccscecccscscsencsceccsccccescecccccsccssseceses „1 4 
Coal ...... sounaunoasnunensununnsnnssonnnunnannnnnnansnnsnsnnnanununnennne sesvenee seonee - 2 
Limestone—U pper Freeport, in adjoining farms. 


The Cambridge limestone is here 127 feet above the Cambridge 


coal, 
On the east side of town, 


along the valley of Leatherwood Creek, 


and on the line of the Baltimore and Ohio Railroad, there is found one 
of the finest and most largely worked developments of the Cambridge 
coal, A number of large mines are in operation here. At Wm. Nor- 
ris’s mines, section 4, Center township, the following section was ob- 
tained. It can be duplicated on all the adjoining farms, so far as most 
of the elements are concerned : 


Feet. ° 

Limestone— Ames, Crinoidal ............-sccscccscscese senses coscccsscescscoeses 8 

Interval, mustly concealed ...........ccce-seccecses be cccces snseeessceescssees » 107 
Coal— Anderson, blossom. 

Shales ....c.cscccscosccccosccscecacscces sasccesccsccces sosceesevcsscescnsesecceces covees 10 
Limestone—Cambridge (Umiveraal).......cccsccccvcssce cscesccscscsoecscccscecess 4 

Interval, concealed ........... .. cssscscccccsccscscccccescceccsescccscesens cocees - 115 
Sandsione—Mahoning (seen) ..........sesesuse sescecsescscescvecsccses secscesesees ~ 20 

Shale, DIWC.........cccsscccsscccccscccscccee svceccscccsceccsssescssscesscscacenceees 1 
Coal—U pper Freeport, Cambridge seam, 8 tO 6 ft... cessccccrcseseoees 4 
Limestione— Upper Freeport. 


The interval between the Cambridge limestone and the Cambridge 


coal here measures 136 feet. 


seam, this is the usual interval. 


Throughout the district ocoupied by this 
Sections involving all of these elements 


in the same order and relations can be multiplied indefinitely, but those 
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already given are conclusive and fully confirm the reference of the Cam- 
bridge coal to the Blackband horizon, as made by both Stevenson and 
Andrews in their reports upon the district. 

The section has been extended downwards by the records of the 
. salt wells bored in this same district. Andrews quotes the record of. 
salt well No. 2, on the Scott farm (Geol. of Ohio, vol. II, p. 534). 

This record is introduced here and interpreted in accordance with 
the general section that has been traced directly to this point from the 
Tuscarawas Valley. It is as follows: 


1. Level of the Cambridge (Upper Freeport) coal. “im 
2. Soil, CtC...sceceressce seonsennennnunnnnnen sovsesseeserseesee ees ae seesencecees 18 
8. Gray Sand -rock .......cccccccssssscsescccceccssssecsccsscesenscesccesceassoes 32 
4. Not known .........cccscsccccccccccsscscccccenecscsssccesccnsscscesecessecess 10 
5. Coal (Lower Freeport) .......cuu.en000r00000nonnennnnunnenenenunennneene 1 6 
6. Fire-clay (Lower Freeport)..........ccsssssecees se veeseesccensceesecoes 3 
7. Limestone (Lower Freeport) deecececcccccccccscescencceccsecceecccees 1 6 
8. Soapstone ...... 02.000. sosnnnonnnsnsnnennnnsnsnunnennnsensnrnuenssansen anne 6 
9. Shale and fire-clay ............051 sonennonı cesses ssccssnccccscesesscessccees 26 
10. Black slate........cccccscccsccsscccsscecseccssessceccessscccsessccese seseees 10 
11. Shale..........ccsscccccccssscscassesccesccccsccsces cocescsssceressessecess cesses 12 
12. Coal (Upper Kittanning ?) ............ccc0se  ceccscecsececeesccescece - 9 10 
13. Soapstone ...... us sonnunnuneneosnensunnnensnnnunsnsannansser cece: Dececeees 40 
14. Coal (Middle Kittanning 2) ennannnonnuununssnnsensnnnunnunne seeseccenes 1 2 
15. White fire-clay........... FERTELERR Lossasunsnnsnnsnennannunnsnsssnasnsensresen 20 
16. Blue sandstone, oil rock...........ccccce sescceccscceces sevcnsssecevecs - 44 
17. Black shale ...........ccccssssscccsccsscccscccscerecesscscssscscsscesescesees . öl 
18. Limestone (Putnam Hill) ......... .....ce.ssseee .nrsnnssssnnansenenee ~ O ll 
19. Shaale...........sccccssccsecesssees sossesccsceeccesecesesesscnsoscecoes sossenssees 14 
%. Iron ore, very hard...........cccscssccccsscsrscscsccscsccoscscecseccesceeuss 1 6 
21. Shale............ cscseccscccccvscscssecscescccscscecssccsccccsseserssesescusees - 68 
22. Hard black rock ......csssescsscersscseccseceesseee soon Snosnsansssnnnenees 6 
28. Shale..........cccccsscscscssscsccnce sannnsnnnensnonnnsntnnnnusnensnsnenerenenn . 80 
24. Stratum charged with sulphuret of irom .............cscssssscssees 3 
25. Interval not recorded ...........:scccsesccecessenes besecsse sassecnssecees 215 7 
26. White sand-rock ...........ccccccecccccsscccscccecsccsccccccsscesccssceens . 49 


The intervals will be seen to be as follows: From Upper Free- 
port coal to Lower Freeport coal, 60 feet ; from Lower Freeport coal 
to Upper Kittanning (?) coal, 58 feet, and to Middle Kittanning (?) 
coal, 99 feet; from Middle Kittanning (?) coal to Putnam Hill lime- 
stone, 96 feet. 

Another obvious construction of the two lower coals is to count them 
the Middle and Lower Kittanning coals, respectively, instead of Upper 
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and Middle Kittanning. The 20 feet of white clay would then be the 
Kittanning clay, but the limestone, No. 18, is the surest element of the 
section, and this makes the first interpretation the more probable one- 
By comparing it with the Kimbolton section, Fig. XVI, it will be 
found to agree very closely. , 
The Cambridge coal field is thus seen to be the third important de- 
velopment of the Upper Freeport seam in Ohio, the Salineville, and the 
Connotton Valley fields having been already referred to this horizon. 


CoaL SEAMS OF THE LOWER TUSCARAWAS AND MUSKINGUM V ALLEYS. 


Returning from this detour to the work of tracing the westward 
extension of the general section thus far followed, we can assure our- 
selves, as has been already said, of the integrity and unbroken conti- 
nuity of our series in this direction, by the measurement of a few well” 
Selected intervals. Even these are not essential to the establishment 
of such continuity, for no question has been raised as to this fact. Every 
geologist that has worked in the field has been obliged to accept and 
adopt the universal belief of land-owners and coal miners throughout 
the territory, that the Pike Run coal, the New Comerstown coal, the 
Coshocton coal, the Rock Run coal, the Upper Dresden coal, the Up- 
per Zanesville coal, are all one and the same seam. It is the No. 6 of 
Newberry in the Tuscarawas Valley, and the Middle Kittanning coal 
of the Pennsylvania series. In fact the mines and country coal banks - 
opened in this seam, throughout this territory, effect as close an approxi- 
mation to visible continuity as. we.can find in any like part of the 
Lower Coal Measures. | 

A few sections will here be introduced, covering and fairly repre- 
senting this wonderfully steady portion of the margin of our con! field. 

The section at Zoar Station and Mineral Point has been already 
described in part, but it will pe repeated here in connection with the | 
others that are selected. In Figs. XIX and XX the following sections 
are represented : 


XIX. A. Zoar Station and Mineral Point. 
B. Lot 80, Dover township, Wm. Swaby’s farm. 
C. York township, Franz Ankeney’s farm. 


q 


D. Glasgow-Port Washington Furnace tract. 
E. New Comerstown and Bird’s Run. 
F. Beech Hollow, 2 miles east of Coshocton. 





FIGURE XIX 
A SECTION AT ZOAR STATION AND MINERAL POINT TUSCARAWASC 
B SECTION FROMLOT30 DOVER TWP. FARM OF WY SWABY TUSCARAWAS 
}© SECTION AT YORK TOWNSHIP TARMORFANKENY TUSCARAWAS 
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It will be observed that the two derikg of sections are quite unequal 
in measurement. Section C of Fig. XIX is located at a well-marked 
boundary in the coal field. From this point westward there is a notice- 
able diminution in intervals. The leading elements, with the excep- 
tion of the Lower Kittanning coal, all retain their relative positions, 
but this last-named seam becomes uncertain.. The most decided reduc- 
tion of interval takes place between the Middle Kittanning coal and 
the Putnam Hill limestone to the westward. | 


In section D, a fine local development of the Lower Freeport coal 
occurs. The seam ranges from 23 to 9 feet in thickness. It is called 
No. 6 in the report on Tuscarawas county, in volume III, but the sec- 
tion as given here shows clearly that it is entirely distinct from the 
Middle Kittanning coal, which appears at its normal interval below. 


The present line of sections has carried us through one of the most 
important mineral districts of Ohio, viz., the Tuscarawas Blackband 
field. The same order of facts can be observed with reference to this 
horizon here as at other points. The blackband lies on the outer margin 
of the Upper Freeport horizon, while the mineable coal of the same horizon 
is found in the interior. The Upper Freeport coal is nowhere through- 
out this district of value as a source of fuel upon its western outcrops, 
or where it lies high in the hills. It is only where it approaches its 
interior boundaries that it gives rise to important mining centers, as at 
Salineville, at Dell Roy, and in the Connotton Valley, and at Cam- 
bridge. 

The last section of the list, which was taken near Coshocton, fairly 
represents the Tuscarawas Valley for the remainder of its course. The 
valley runs in the direction of the strike or level bearing of the strata, 
and the same elements that appear at Coshocton can be found in almost 
every ravine between that point and Dresden. 


The southward trend of the whole coal field aids in continuing the 
section down the Muskingum Valley as far as Zanesville. The Lower 
Mercer limestone and coal make the floor of the Muskingum at the foot 
of Putnam Hill, while the gray limestone gets its geographical name 
from this very locality. The Kittanning coals are found here in excel- 
lent development, and have long been extensively worked. The Upper 
Freeport coal, clay and liméstone, and also the Lower Freeport coal are 
all found at their proper level on every side, and the Cambridge and 
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Ames limestones also continue through the field to re-enforce and con- 
firm the sections built from the elements of the lower coals. 

No sections from the Coal Measures of Ohio are better known than 
those from Zanesville and vicinity. Foster of the first Survey, New- 
berry and Andrews of the second, have all made frequent use of them, 
and frequent appeal to them. Andrews gave a name to one of the most 
widely distributed limestones of the Lower Coal Measures of Ohio from 
Putnam Hill, opposite Zanesville. The Kittanning coals are familiarly 
known through several counties as the Lower and Upper Zanesville 
coals, both of which are largely worked within the corporation limits. 


The leading elements are as follows: The Lower Mercer limestone 
and coal are found, as has been already said, in the bed of the Mus- 
kingum at low water, and almost everywhere to the north and west 
where their horizons are exposed. The Upper Mercer limestone and 
.coal are found, one or both, in most of the sections, but the limestone 
is, as usual, less reliable than the companion seam below. It is very 
often replaced by flint. The usual interval is 25 to 30 feet. 


The Tionesta coal is shown in probably two out of three sections 
that cut ita horizon, at 5 to 15 feet above the Upper Mercer limestone. 

The Clarion? (Lower) coal is represented in many sections by a 
seam, seldom exceeding 16 inches in thickness, that occurs 15 or 20 feet 
above the Putnam Hill limestone. It is the No. 4a of several localities. 

A heavy sandrock comes in between the Lower Kittanning coal 
and the Putnam Hill limestone in the vicinity of Zanesville. It is 
quarried quite largely, and furnishes a building stone of unusual excel- 
lence. Where it occurs, the interval between the two elements last 
named reaches or exceeds 60 feet. The Lower Kittanning coal is 
known as the 4-feet seam throughout this district, and the Middle 
Kittanning coal as the 3-feet seam, these names agreeing with the com- 
mon measurements in mines of the several seams. The interval be- 
tween these coals ranges from 16 to 32 feet. The most common meas- 
urement isj28°feet or thereabouts. 

The Lower Freeport coal is not unknown, but it is generally too 
thin to repay working. Its place is 50 to 70 feet above the Middle 
Kittanning. It carries with it a valuable bed of clay throughout por- 
tions of Muskingum and Perry counties, which is known from the 
locality of its best development as the Moxahala clay. 

The Upper Freeport horizon is found about 50 feet above the 
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Lower, or from 90 to 120 feet above the Middle Kittanning coal, No. 6, 
but it differs from the Lower Freeport in being of great economic value 
and interest, and in being universally known. 

Three of its elements unite to mark the horizon in the vicinity of 
Zanesville, viz., the limestone, the fire-clay and the coal. No black- 
band ore is known to occur with the coal in the Muskingum Valley. 
Contrary to the facte referred to on a previous page, the Upper Free- 
port coal is here mineable, well on to its western outcrop, and where it 
lies quite high in the hills. About Zanesville, it is commonly known 
as the Alexander coal, and it is quite largely worked in Washington, 
Perry, and other townships. It is always underlain by its limestone, 
and at Ballou’s Salt Works, 6 miles below Zanesville, the Upper Free- 
port or Bolivar clay has a good development, and is quite extensively 
worked. It has the same character as at Bolivar, Pennsylvania, and at 
many points along the line. It is a hard or non-plastic clay, with many 
green streaks of silicate of iron and alumina diffused through it. It 
does not attain the very highest quality as it is thus far shown in the 
workings. 

A combined section from Zanesville and vicinity is shown in Fig. 
XXI. The intervals used are all measured intervals in particular sec- 
tions. From the Putnam Hill limestone the section is continuous 
through Mill Creek valley and the Harper coal banks, up to Adam 
Rock’s mine, in the Alexander seam, except that the Lower Freeport 
seam was found 1 mile to the northward. 

One element only in this section needs to be described. It is No. 
15, and is designated as the Upper Putnam Hill limestone. The exact 
stratigraphical place of this stratum is not determined. There are but 
few occurrences of it known, and no one of these has been found in any 
section in which the Lower Kittanning coal appears. It is about the 
same distance below the Middle Kittanning coal that the Lower coal 
should be, and it may occupy the exact horizon of this seam. The best 
exposure of it ison Putnam Hill, directly above Putnam Station. It 
is there 27 feet below the Upper Zanesville coal (No. 6). It is a drab 
limestone, weathering yellowish white. It is fossiliferous, containing a 
Productus and other marine shells. Quite a heavy deposit of clay 
occurs in connection with it, and it bears an iron ore. These facts have 
suggested it as the equivalent of the Ferriferous limestone of Pennsyl- 

7 G. 
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.vania and of Southern Ohio, but its distance from the Putnam Hill 
limestone below, viz., about 60 feet, militates against this view. It may 
be noted, however, that this particular interval between the Lower Kit- 
tanning coal and the Putnam Hill limestone is longer by 20 or 30 feet 
than at most other points in this region. If the interval should be 
shortened to that extent in this case, the reference of the limestone 
to the Ferriferous would be less objectionable, to say the least. 

The Cambridge limestone, in the nearest exposures to Zanesville, 
is 112 feet above the Upper Freeport coal. Its range is 112 to 132 feet 
above this horizon. The Ames or Crinoidal limestone is generally about 
100 feet above the Cambridge, but the interval is occasionally materially 
shortened, coming down to 60 feet at Blue Rock and in its vicinity. 

The Cincinnati and Muskingum Valley Railroad, running south- 
westward from Zanesville, keeps nearly on the line of strike of the 
strata, and thus along its course, the same elements that we have thus 
far followed, are constantly exposed. The complete identity of the very 
numerous and excellent sections to be found at Del Carbo, Roseville, 
McLuney and other points along the line with the Zanesville section, is 
recognized by every one who has had anything to do with the field 
in either a scientific or practical interest. The Kittanning coals, in 
particular, can be followed most directly from point to point, and no 
question as to their persistence and continuity is admissible. The 
coals and limestones are largely worked along the railroad line, and 
country banks complete the connections where mines are wanting. 

The intervals change somewhat, mostly in the way of contraction, 
throughout the region upon which we have now entered. A few typi- 
cal sections will be recorded here. 

At Del Carbo‘both of the Kittanning coals have long been worked 
on the large scale for railroad supply. The Putnam Hill limestone has 
also been mined here quite largely for Moxahala Furnace. The Mer- 
cer limestones both occur in their places as soon as these places are 
reached by the deepening valleys on either side. The immediate series 
at Del Carbo is as follows: 


Feet. 

_Middle Kittanning coal, including bone coal (No. 6).........-.scssssessseeeee 4} 
Fire-clay ......csccccccccsescocccrecccccccceccceccccesensce secces annennsnensnannnnn soneencne 4 
Shales with iron Ore ...........ccssccccccs ccccscccscceccencesccescccssccecssecccecees 12 
Lower Kittanning coal (0 to 5 ft.) (No. 5) ssecsscosecscces eececees cocsasee oseens - § 
Fire-clay .......cccscrssccccsccesccecsscccscccnscocccecee nnsnnnunneunen onsannassnensnenn . 4 
Shales, CtC...........srcccccesccccccre sennnnsnnnnanunannsusasnssnnsnannannnnenssanenenene . 34 
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Putnam Hill limestone. ...........000ssescsccsscsessccccscccesscsceccsscecessccssssscene 7 
Interval......... cscscccccssscsces sunnnnnannunsnunnssnnsennensunsnunnnnnesnenannnsunsnsense 28 
Limestone Upper Mercer, flinty........cccscscscccscscccsccssccccsccssssceccenes ~ 8 
Coal— Upper Mercer.......sossosasssuensnonsesanoususonnnnenusnennununensnnnecnenssunn. 1 
Interval......2.000 oesuensonuonnnnnnneessonnensnunnnnunnunnunnssnnuunsnennnnnennennorennenn „ 28 


Limestone— Lower Mercer, in bed of run. 


By passing over the ridge into the deep valley of Jonathan’s creek, 


we drop by rapid descent to the very bottom of the coal measures. The 
Newtonville limestone, which Andrews showed to be of sub-carbonifer- 
ous age, makes the floor and walls of the creek for a number of miles. 
The Lower Coal Measures are shorter here than at any other point in 
the State, but the series is not shortened by the omission of ita leading 
elements. Almost every stratum that is due can be found here. The 
section from the level of the creek is as follows: 


Coal—Middle Kittanning or Upper Del Carbo seam (No. 6) ana A 
Innterval.......seccccscces sesosccscccsccescecs ecncecs secces coesceces savarcvessescarecesosecs 20 
Coal—Lower Kittanning or Lower Del Carbo seam (No. 5) .... ar... 4 
Innterval ........ssssssccccsssccssecscccccccscessceccsssesse sacnsees coscece covesccsecesces 38 
Limestone—Putnam Hill............cccsccvsescssscssscesscccccccccsccecccscssscecececees 4 
Coal—thin .......+. cscccsccesccscscescsses svcess cascessccsscecescescccescavescceeececcecess — 
Interval, including Limestone, Upper Mercer.....ccccccssescccrcsecssccees 70 
Ooal—thin ........scsecccccccsccnscsscccscssccsccecccscccscsccesesccecscccccecccccescscceces _— 
Lämestone—Lower Mercer ..... ..cscscccccccsccsccccccercccceccosscccscccssccccccocses 2 
Coal—thin ......ccsccsces snensuonn nosuensonnennnanenusnonnnnsnnnnnnnuennnsnnnneneennsnnnennen — 
Interval ............cscescccsccccreccesssccccnsccncccscsescuccaneseccecsscccencs succes tacees 80 
Limestone—Maxville, Sub-carboniferous—({seen )...........ccccsssscesscesserece 15 


Bed of stream. 


In the neighborhood of Cusaac’s Station, and mainly on the farm 


of Mrs. Phoebe France, the following interesting section is obtained : 


Coal—Middle Kittanning (No. 6) (worked]).........0. ses scsscsscconceceees ji me 
Interval, covering place of L. Kittanning, which is wanting..... 36 6 
Ore and flini—Ferriferous limestone Horizon..........0ccccscsesssecscess - 1 
Interval.......ooscoess sonsauennoununnnsusenasnununueuonnanenenssanessnsennnnusunncnre 10 
Coal-Clarion Lower (?), “Peacock coal” (opened) ...........e... +. „1 4 
Interval......ccs ssesessesess cecnecccescccese Snsonnnnsensonuunee nansssanansnnsnenenee 10 
Limestone—Putnam Hill ......... csscccees asssononnunnonnsennonsonnennennenenenee - 8 
Interval...... .....ccesccccrcceserscaccesscccee sescscrcccscccsccsccsncssscnes scence cee 28 
Ore—red block (local N. soveccens eeccccccs coccce ces cusses ccccccscsceeces sovessecen —_ 
Interval ...... score csosevces aunsuessunnennnnsunnnsnsnnennnennnnnsnnensnnsonannenense 25 
Limesione—Upper Mercer, with ore... Snssnansonnansssesnonnunsensnnnen cence 1 6 
Interval ecooce ou rossennenne ssccscccees ovesnccccccsrecesecees eecveccses csvesssccenves 2% 6 


Coal—Lower Mercer, cannel seam, 0 £0 B ft....... onunsnenonnonennnenune 2 
Level of Jonathan’s Creek. 
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In this section an interesting feature is the appearance of the Fer- 
riferous limestone at its proper horizon, From this point westward, it 
can be found in almost all well.exposed sections in which it is due, 
faint at first, but gradually strengthening, its ore increasing more rapid- 
ly than the limestone, but both becoming strong and clear elements in 
southwestern Perry county. 

At Roseville, there are extensive potteries which are established 
upon two beds of clay that belong to the series already discussed. All 
of the horizons have been developed in this vicinity so as to give ex- 
cellent opportunities for measurements, The section immediately about 
Roseville is as follows: 


Ft. 
Middle Kittanning Coal, with bone coal (No. 6)......00. sescsccccceses 4 
Fire-Clay ......ssscoscsesscocecsocesconsoscensessseorscsesescnssanses sesseseecees ~ 4 
Shales with modules Of OFe.........ssccsecccscsssscccscscscceesevsee cesses 16 
Lower Kittanning Coal (No. 5) (0 to 4 ft).............scssoscescssccccccroves 4 
Lower Kittanning Clay—largely worked............c.ccecssssesecsees 7 

30 

4 

25 


Putnam Hill Limestone............ lececocncccccececccaccevcccececesesccsccccscese 
Brookville ? Coal—Limestone seam—thin.............. ne cccceececees ces . 


A long and valuable section is found in the Brush creek road that 
runs eastward from Roseville, The ground rises rapidly and the char- 
acteristic Barren Measure strata are soon reached. 

The section is as follows: 


Ft. In. 

Itervall.........cccescescsssccscevesccccscsccsscccsscscsesecesoes ates cscescececncees „16 
Limestone— Ames or Crinoidal...........scsccscsscee soceseccesccece secsssconess 8 
Interval—mostly shaleB..........sccccocsssccccssscscvcccscccesccesscees „48 
Thimestone— Cam brid ge.......ccccscsccscscsccsccscnse aveccescccnsscsccsescsocscass 2 
Interval......sssssccscscccesccvsescccscccccses sccscecccccscecacesesesscessccsceces 82 
Coal—Brush Creek of Pennsylvania, Salineville Strip Vein......e — 
Shale—red ..........cccccccccccssscccsvcscvscscscsresscnscesscsessccsces senses „10 
Shale, etc.......cccccccccccccccssecscesscvccves seessccscscesesseccesacacesancesere 28 
Coal—U pper Freeport—“ Basin Vein ”’ “0 to 4 ft. (No 9 seoossonsensnen 1 
Fire-Clay...ccssscccsccccccssccecscess aensanusennnsennnaensnen veecerercese um 2 
Limestone—Upper Freeport......ccsccccsccsssccssccscsccsccses cesses scessecasces 8 
Interval.......0.ccesescescscsceses cosesscscessoces 4 sdeeed PPRFFPRFPPPFRFPER 20 
Sandstone. ........ccccccccsccessccscccscscccvscscssascssescece sonnnonsennunenene 15 
Coal—Lower Freeport—thin .......ccccccssssseccoseccsscscccstevcovereve'ecsees — 
Interval—concealed ........ccccscccccsesscececesese sos dncnscsceces ces cee cee 60 

Coal—Middle Kittanning (No. 6) ......0s00 Accasscccesccccecssenes sun 4 6 
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The interval between the Ames and Cambridge limestones at this 
point is the smallest yet recorded in the State, but both limestones are 
unmistakable, and moreover, the Blue Rock section, 10 miles to the 
eastward, shows a similar though not equal reduction of this interval. 

The Upper Freeport horizon is very distinctly marked in this 
neighborhood. On the Ashton, Duval and Cunningham farms, the coal 
obtains a good development as to thickness and character. It is known 
as the Basin Vein, a name suggested by its capricious and unsteady 
character. The Upper Freeport limestone is 3 feet thick on the Ashton 
farm, and is pure enough for the mason’s use. It has been burned here 
on a amall scale. It is in every respect characteristic. 

The Lower Freeport coal does not fail to leave its mark in every 
exposed section where it is due, but it is of no value as a source of fuel 
throughout this immediate region. 

Passing westward into Perry county, the Kittanning coals can be 
followed by openings made upon one or both seams on every farm along 
the railroad line. At McLuney, at Tague’s, and at the tunnel, the coal 
has been mined for 20 or more years for the general market, mainly from 
the Middle Kittanning seam. 

A few miles south of McLuney Station, on section 16, Bearfield 
township, Perry county, the Upper Freeport horizon exhibits once more 
a characteristic product, which has been missed from our sections for 
the last 50 miles. A valuable deposit of blackband ore has been dis- 
covered and quite extensively worked on the Whitlock farm, for Moxa- 
hala Furnace. A long and clear section can be obtained from this im- 
mediate vicinity. It is as follows: 


Ft. In 
Red shales. 
Thmettone—CamDridge.....sccscccceccssseccccccvcnccecssscccescrsccescecesscssccons 8 
Interval......esensuser onsonsonssonsunsnnensunnnnesnrsnnnunnessunuensonunnnannn. nansee 5 
Coal—Brush Creek of Pa., Salineville Strip Vein (No. 7a) ......... 2 6 
Interval ......ccscssscsccscccscscscses ccsccscccsccsscvcccscon sesseese: sesaes tassesese 29 
Ore—nodular ........sssscscccstscsssonccsens sensunnunnnsusununne socssecssccecscess „1 
Interval..........sos0ssasonssnsasnsunsonsonunsnununnsnansonuunen sonnne snnunsnansuneen 12 
Blackband Ore and Coal, Upper Freeport (No. '7) ..... sscscsscsssseseess 8 
Tmterval.......ccccsccscescccecccssccecsccccssccscccesccsssscoes prrserseeetanenennse 49 
Ore—nodular ......ccccsscsscccrssssccessccsscvocsscescccccceecs sunnnsnne soccee senses -0 6 
Titerrval.........ccsccccccssocscccssccssccccccccccces ausansonsunessssransasnoonenncne 12 
Fire-Clay .....ccscorsccccccncsasssscccsccscssccecscsccnscccsccssececsessccecescscccoess -. 4 
Ore—blue and calcareous .....ccccccccsccccccccsccccccssscsccscce sansnssrsunnese 1 
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The intervals are seen to be nearly normal,:viz., 117 feet from 
Middle Kittanning coal to Upper Freeport, and 95 feet from latter to 
Cambridge limestone. The section was taken in two parts, the upper 
portion coming from the Whitlock farm, where the Cambridge lime- 
stone direetly overlies the Whitlock ore, and the lower portion being 
taken from the coal mine opened in the universally known Middle 
Kittanning seam, on the farm of R. Moore, section 8, Bearfield, and 
thence up the township road 4 mile to the eastward. 


Returning to the line of the railroad once more, we find at New 
Lexington a section almost, if not quite, as widely known as the Zanes- 
ville section already given. The Kittanning coals are styled here the 
Upper and Lower New Lexington coals. Both are well developed, and 
both have long been worked. They are separated by an interval of 20 
to 30 feet. The Putnam Hill limestone is very conspicuous at New 
Lexington as a limestone and flint horizon. It is shown in the valley 
on the northeast side of the town at the level of the railroad. 


At 12 to 15 feet above it, a quite persistent coal seam is found. It 
is seldom morc than 16 inches in thickness. It holds the place of the 
Clarion (Lower) coal, and if numbers are to be provided for all the 
regular seams on the basis of the system that is now in use, this should 
be called No. 4a, a designation that it has already received to a limited 
extent. 


Within 3 miles of New Lexington the so-called Baird ore is mined 
quite extensively on many farms. The place is-15 to 30 feet above the 
Putnam Hill limestone, but the latter element, after having been found 
persistent through a half-dozen counties, is verging to its extinction. 
From New Lexington southward it can be followed indeed, but nc 
longer by a bold outcrop, but only by occasional exposures which would 
be ambiguous in themselves, and which require to be supported by othe: 
and better known elements. In other words, the Putnam Hill lime 
stone has now exhausted its capacity of service as a guide, and needs t« 
be interpreted when found, like the obscurer elements that have hereto 


_ fore leaned upon it. 


But the series is not weakened by its diminution or disappearance 
for the Ferriferous limestone horizon has been again restored, as : 
steady and easily recognizable element, and from this point to the Ohi 
river it is a dominant feature in every sub-division of the field. 

In volume III, Geology of Ohio, p. 924 et al., it was demonstrate 
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that the Baird ore of Perry county is the Limestone ore of the Hanging 
Rock district. Since that volume was published, there has been great 
activity in tracing and developing the various coal, ore, and limestone 
horizons of the Lower Coal Measures through Perry, Hocking and Vin- 
ton counties, an activity stimulated by the demands of the new furnaces 
of the Hocking Valley for these various elements of iron manufacture. 
The demonstration referred to above has entered into many of these 
schemes of discovery and development. If there were error or uncer- 
tainty involved, it would necessarily have been made apparent in the 
course of these investigations, but not only does the original line of seo- 
tions on which this demonstration was established stand unimpugned,, 
but a great number of new and independent facts have been brought 
out which leave this identity as well settled as any point of like char- 
acter in Ohio Geology. 

Two or three skeleton sections will be given to illustrate the steadi- 
ness of the elements that we have been following as they occur in this 
new field. On the farm of Thos. 8. Mains, section 7, Pike township, 
the following elements were seen in the relations indicated : 


Ft. In. 
Coal—Middle Kittanning (No. 6) ......r.ussussunuerunsononsnensnsnsensunnne 8 6 
Interval .........oossssonossasassonsnonnnsnunsonsusnenonnnonenuannn ansusnsosnnnennsne 26 
Coal—Lower Kittanning (No. 5)...........ssecscscssssrssescensscerscceescouss 1 
Clay—Lower Kittanning, white ............ccccsescsess seeetenesee evens . 6 
Interval........... scccscccscsscssccercsvesces ansenene Lnanaunnonsannsansunsansennsnse 70 
Flint— Upper Mercer............ccscsssccssesees .onnensonnnnssnsunnnseosnnssnenee 2 
Interval .........cccccccssccscccccscsscccescscecsces sesssencesscccccsccessnceassesens 5 
Coal—Upper Mercer (0 to 8 feet)............ cesses sscssscescensenscrcssecccnees 3 
Ite rval.........c.cscscscssssssnscccn senses concsoncescssasvescsseeeseseesecs sonuneene 25 
Timestone—Lower Mercer, bearing block Ore ...........0sseseseesccsceceee 2 
Coal—Lower Mercer, thin. 
Trntervall ........ccccscescccceascsccccesnccccsen sscsnscesscsnssccucassesrecseceuscesons 14 
Ore—Block, Junction City ore............ssccccccscssescceccssscsceecsossenecs 1 


At McCuneville precisely the same range is well shown, and here 
we find the measurements as follows: | 


Ft. In. 

Coal—Middle Kittanning (No. 6)........ccss0 onen ssonosuonmonnsnnnnonsarese 4 6 
Interval ............cccscscsecscccscccevsssescnseescnecs consensus cessscsensconscesses 80 
Coal— Lower Kittanning (No. 5).........ccsccssscscscsvess esses sccesesasesces 1 
Interval, mostly white Clay........ccsccsccocssscersccscascsecccsscscsssceeees 15 

Ore and flint—Ferriferous limestone, Baird ore.............scscceceseees 1 6 
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Ft. 

Ore and impure limestone.......c.cscccccsesssccescscecsscsorssssecsesserseeees ~ 2 
Interval .....sscsssscsscsccessccccsenscescceccnssccnscesscnsceseeccecessecces sansnnene 46 
Limestone and flint—Upper Mercer, bearing Ore......-.sscssscesscsees 2 
Interval ......csccscsoncssscescecssccesssccscsscesssccascecsoseesesssseseecoes seeees 30 
Lämestone—Lower Mercer, bearing O7e ........ccsceresesescescccesceceees -~ 2 
Coal—Lower Mercer, thin. | 
Innterval..........csccsscsssecssacssersessccscccescecnce cosseveassoescesesssescscceees 14 
Ore—Junction City block Oe .......s0ccsccccsessscesscsssveecces sonnunansanunee 1 


The McCuneville coal is traced by continuous workings into the 
_ Great Vein of Shawnee and Straitsville, and this in turn is strictly oon- 
tinuous with the Nelsonville and Monday Creek coal, and thus our 
section is carried at once to the west side of the Hocking Valley. ° 

There is not only no question but there is really no room for 
question as to the fact that the upper coal at McCuneville becomes the 
main coal of the Hocking Valley in its several subdivisions. In other 
words, the Nelsonville or Straitsville seam is the Middle Kittanning 
coal, This wide-spread seam here scures its highest mark both as to 
volume and quality, and forms the central element in the most important 
coal field of the State. 

The Lower Kittanning coal still attends it as a constant companion, 
but though often of a thickness that would be counted mineable else- 
where, it is so overshadowed by the greater seam above it, that little 
account is made of it in the Hocking Valley, except as an element in 
the geological scale. 

The Freeport coals have not been mentioned in any of the more 
recent sections, but simply for the reason that their horizons have not 
been reached in these sections. The hill east of Roseville is the last 
point where they were recognized, but they sweep in absolutely un- 
broken outcrops through all the high grounds. We cannot measure a 
single section throughout this whole region in which there is any 
adequate exposure of the strata, without finding one or more elements, 
especially of the Upper horizon, shown. 

Shawnee furnishes a clear and excellent section. Its main elements 
are as follows: 


Ft. 

Coal and blackband ore—Upper Freeport, Iron Point ore (No. 7)... 3 

Fire-clay and shale .........ccccsccces cossscsccecscnssonssecscsssscesescsssesees “18 
Limestene—Upper Freeport, Shawnee limestone, worked largely 

for FUTTACEB ....0..cccecece cocnccsce sssesscsccscas senses scenes snonnnnnnsnenne 2 
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Ft. In 
Coal—Lower Freeport, general but thin (No. 6a—No. 6b)........... „1 
Limestone—Lower Freeport, Norris limestone.......ccccccccssssere eoaes 0 6 
Interval consisting of— 
Sandstone or shale ............scscccscssscssccecrsccsccsaccccsccscsssesescesees - 25 
Shale (0 to 20) .....sccsecoccses sosvececcenecee sneses ss san nassunnanune sonneccesess 10 
Coal—Middle Kittanning (No. Ö)arnososensensnsnnennsanonnasnnnosunssnanusnsene 10 
Shales, holding Snow Fork Kidney ore......... ccccccocsscccescecnsoes . 8 
Interval ........ccccccsccsccsccnsecscsssccasescnesccecsenescasces assonsanscnmranceee 18 
Coal—Lower Kittanning (No. 5)...........ccceccscessccescccnscvcccecesacceeees 8 
White clay............scsssee scccsescecee coseeecesees secssccccescccssscecoocese „ 12 
Ore and Limesione—Ferriferous limestone, Baird Ore........useee. „1 


The Upper Freeport or Shawnee limestone becomes one of the 
most reliable guides to the geology of the Hocking Valley. It is well- 
nigh universal in its distribution, and is so well characterized that its 
outcrop can scarcely be missed. 

Passing from Shawnee to the Sunday Creek Valley, we find the 
same section in substance. As usual, the blackband is on the margin 
of the Upper Freeport seam, while a well-developed coal field lies in 
the interior. The Bayley’s Run coal and the Norris coal, which are 
one and the same seam, represent the Upper Freeport in this interior 
development. The Lower Freeport is seldom workable. In fact, no 
instance is known in which this seam is mined in this region. The 
Upper Freeport limestone is found about half-way between the Upper 
and the Lower Freeport coals. The Norris coal, so called, got its name 
from quite extensive country banks near Millerstown. The Ohio Cen- 
tral Coal Company has developed this region by the opening and 
working of this seam in the large way. The twin mines, No. 12, are 
opened on a farm adjoining the Norris lands, and no one can doubt the 
identity of the coals in these two areas. In the railroad cut above the 
mine, the Upper Freeport limestone and the Lower Freeport coal are 
both fully shown, while the Upper Freeport coal is reached directly 
above. The section here is as follows: 


Ft. In. 
Sandstone— Mahoning. 
Shales over coal (2 to 10 feet)............sccccovcscascesssconcscesccvescceces 10 
Coal—U pper Freeport, Norris seam, Bayley’s Run.................... 6 
Fire-clay and shale ............ccccssssssone cesceccccscesscssncccssssseeserees „18 
Limesione— Upper Freeport, Shawnee limestone.............cccesssccsees 2 
Fire-clay and shale, with iron OF ...........ccscsssscccessssveces coccsoces 12 6 
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Tie Norrie or) has so» long and so uniformly been counted the 
was belkrw the Bayley’s Eon coal, that a few statements in regard to 
ths am are called for at this point. 

Awlrews first asrigned a place to this seam (Geol. of Ohio, Report 
A YProgreas, 1549, p. 119). In vol. ITI, p. 851, he refers the determina- 
tin of interval to his assistant, Mr. W. B. Gilbert, by whom a measure- 
ut of 46 feet was obtained between the “Great Vein” (Middle 
Kittanning) and the Norris coal. Having already assigned a place to 
the well-known Bayley’s Run coal, 75 to 100 feet above the main coal, 
the Norris coal beeame the middle seam. When numbers were applied 
to the cal», and the Middle Kittanning become No. 6, and the Bayley’s 
Kun um) No. 7, the Norris coal was styled No. 6a. This number was 
aft:rwards changed to No. 65 in my report on the Hanging Rock 
District, vol. ILL, on the ground that a regular seam occurs at 25 to 30 
feet above the Nelsonville coal, while the Norris coal was counted as 
coming in at 45 to 55 feet above that seam. Andrews also in his later 
work nema disposed to give a place to a seam between his Norris coal 
and the Nelsonville seam (vol. III, p. 851). 

Truths and errors are so interwoven into all of these accounts that 
the disentangling of them would be a tedious task. There is in some 
parts of the field a thin coal between the Middle Kittanning ind the 
Jawer Freeport coals. It is not certain, however, after all that has 
hewn written, that this seam occurs in the Hocking Valley field. The 
varying intervals of the Lower Freeport and the Nelsonville coals may 
acoount for all of the facte. The name Norris coal has been so unfor- 
tunatily applied that it will serve geological order to drop it altogether. 
The fuotn, am at present seen, are as follows: 

The two Kittanning and the two Freeport coals maintain their 
horlvons with great regularity throughout the Hocking Valley coal 
field, The Kittanning coals are the steadiest of all our coal seams, and 
the upper of the two is by far the most valuable seam of the Lower 
Meanuren, The coal scams of the Freeport Group are exceedingly un- 
oortaln and irregular in the large way, but the upper seam gives rise to 
many fine local developments of coal, the most extensive and valuable 
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of which is the Lower Sunday Creek field, where the coal is known as 
the Bayley’s Run coal. This becomes the Norris coal at Millertown, 
and the Stallsmith seam of Hemlock and vicinity. It is also the Happy 
Hollow coal of Buchtel and vicinity. 

The relations of these seams can be thus expressed : 


Upper Freeport coal. 7 

Interval ..........scscoccsscsscssccsccccsscecsssccsccacevcsccsenssscscscesscces rennen 5 to 2 
Upper Freeport limestone. 

Interval ......ccoccccoscsses sesccscscssccnssccccescscsccessereccscscsccccssccceces . 20 “ 40 
Lower Freeport coal. 

Interval .......ccsce ssscceces socvessccccnsccecsscnseesccsessescenoccsceccsscssecess “ 5 
(Lower Freeport limestone), not persistent. 

Interval .....ccccsoos csoccveess nade saacceaececcccscescccccscccsssscceccnccceconenes 25 “ 50 
Middle Kittanning coal. 

Interval .........ssccscscsseccescosccesccssccescnssscacessscsccnssescascesssescssees 20 “ 80 
Lower Kittanning coal. 


I am now disposed to count the Snow Fork and Norris limestones 
of my report on the Hanging Rock District, vol. III, as one and the 
same, viz., the Lower Freeport limestone. For the duplication of these 
and the associated elements, probably the report above referred to is 
responsible in larger degree than any other publication. 

The subject must not be left without the further acknowledgment 
that there is a complexity of composition in the Upper Freeport hori- 
zon which does not appear in the sections thus far given. There is 
sometimes a real duplication of coals here that will appear in subsequent 
discussions. 

The Cambridge and Ames limestones, and also the Brush Creek 
coal (No. 7a) are all steady elements in this field. The Brush Creek 
limestone has a large development as an impure ore (bastard limestone) 
in the Sunday Creek Valley. It is known as the Dugway ore near 
Ewing site. 

Another fine development of the Upper Freeport coal is found near 
Nelsonville, in what is known as Happy Hollow. The Nelsonville Coal 
and Coke Company have opened large mines in the seam at this point, 
and it has proved to be a basis for successful mining. The section as 
seen in this vicinity is as follows, the leading elements and their inter- 
vals only being noted : 


A| 
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Ft, In. 
Ames or Crinoidal Limestone. ...........sccssscsscssssccscsscsceccccecsoess 5 
Interval (85/ to 12B/).........ssccsscecsosecsccecsesccrcccescnscccceesecccoessees 120 
Cambridge Limestone. ......cccccccccoccesscscsscccese seseessacses scenes scsesces 8 
Interval (40/ to 55’) .....ssccccssscsssscvecsccceccccsscesascvecsescscocececccece 45 

Brush Creek Coal—No. 7a.........0sscsessessccecccscssccesssesenssecessoeees ~ 2 6 
Interval (85° to 45) .......coess znaunssonensunonunnnnnnanunansnusenanannneenn we 40 
Upper Freeport coal—Happy Hollow Seam—{0 to 6/)...........000 6 
Fire-clay and Shale ..........ssscsscoscssscscesssceessscscscssces ccccccsssescees 12 
Buchtel Ore and impure Limestone....... oo seececee secence o6 recese cesses ~ 5 
Shales ......scccersccssacsscnscsccccnscccsccsccessscccensccseccce annanne anensnnens 15 
Upper Freeport Limestone—Shawnee Limestone................... 8 
Imterval...........cscccccsserscssccsccscccscseccsssccccscccssencecesscsssscocecseece 18 
Lower Freeport coal (25’ to 55’) ............. bevee cenesenes con seccecceconss 2 
Lower Freeport Limestone..........scsscssscsrersescsecsccsscsccecsecencees » 1 
Intervall......ccsscoscsoesscessssorcesces sevscssercsssessecsenseseassonee sorsoeseees 34 
Middle Kittanning coal (No. 6).....esonesosunuoen suonsesuunsnsenennansnsnen 8 


The Buchtel ore and the impure limestone associated with it are 
somewhat abnormal. They occur just where in most parts of the field 
the Upper Freeport limestone is due, but the Shawnee limestone, a few 
feet below, adequately represents that stratum, though separated quite 
widely from the coal. 

We have now followed the series with which we set out as far as 
the Hocking Valley. It has been shown to be continuous as far as its 
main elements are concerned. In particular, the coal seams keep their 
horizons through almost all of the field, and so also do the limestones, 
in the main. The Putnam Hill limestone in its full development is 
limited to that portion of the field included between the eastern line of 
Perry county and the western line of Mahoning county, but it can be 
clearly and unequivocally traced on either side of these boundaries. 
But the Ferriferous limestone has now resumed its place in our sections, 
and though a little weak in northern Hocking and Perry counties, it 
becomes steady from Washington township of the latter county south- 
ward, scarcely missing a section in which it is due from this point to 
the Ohio river. 

This portion of the field was treated of at length in my report on 
the Hanging Rock district (Geol. of Ohio, vol. III). The unification of 
the series as there established, has been fully maintained, and the sec- 
tions given in that report can, without extended description or com- 
ment, be incorporated with the review already accomplished in these 
pages, thus continuing the series to the Ohio river. | 
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Reference will here be made to a few disputed points in this part 
of the field, and to the correction of such errors as have been noted. 


The account given in the report referred to, of the westward ex- 
tension of the Middle Kittanning coal seam (No. 6) from Nelsonville, 
has been called in question by Dr. T. 8. Hunt, in his reports upon the 
Hocking Valley coal field, and also by others. The question is of 
fundamental importance in its relations to the order of our coal meas- 
ures, for all of the identifications of the various elements of the Southern 
Ohio sections are connected with or dependent upon this. 


Andrews asserted in the report of 1870 the probable identity of 
the Carbondale and Mineral City coals with the Nelsonville seam 
(pp. 89-92). My report in vol. III (Hanging Rock district) confi:med 
his conclusion, but established this identity on other and distinct 
grounds. 

The Carbondale ceal is easily traced down Hewitt’s Fork of Rac- 
coon Creek to Mineral City, the seam being opened on every quarter 
section of the interval. The Mineral City coal is as easily followed by 
continuous workings to Hope Station and Zaleski. The character of 
the coal as well as its relations demonstrates the identity here claimed, 
an identity undisputed and unquestioned so far as is known. 


At Hope Station the Carbondale coal comes into a section of which 
the Lower Mercer Limestone is the base and the Cambridge limestone 
is the summit, and that also holds the Ferriferous limestone with ita 
ore in good development at the proper level. More could not be asked 
in a geological section of the Lower Coal Measures of Ohio, and con- 
clusions built upon a consistent interpretation of such a section cannot 
easily be set aside. 

The Carbondale coal proves to be the second seam above the Fer- 
riferous limestone. But the identity of the Baird ore and the Ferrifer- 
ous limestone ore has been already proved, and the Nelsonville seam is 
the second above the Baird ore. The two seams, therefore, hold the 
same position, and the Carbondale coal, like the Nelsonville seam, is 
the Middle Kittanning coal. This conclusion is supported by every 
line of facte that bears upon the question. 

The section obtained in the vicinity of Hope Furnace is so inter- 


eating and complete, that its main facts and measurements are given 
below: 
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Fr. kb 
Cambridge limestone at top of Rich Hollow Hill ..........cccssccesesees 5 
Interval........ cuseenussonenonsononnssssunnomsensunonsensnannnn soscescscoeccccseoees 182 
Upper Freeport limestone—Shawnee limestone .....cccoccsesssse scones _ 
Interval.........ossamsonone sansonsonsanenunansnnanunsosnnnnnunenasenansnnnsnnsnsenee 76 
Middle Kittanning Coal—Mineral City and Carbondale seam... 8 6 
Interval...... sccccces ses sccssosserssces sessevcceseees PERPERERRPRE PREPFRERRERRPERER 27 
Lower Kittanning Coal, (No. 8)... ..cccscce ua cesses PRERERPFEPFERERPERPEE „ 1 
Kittanning Clay ...cccsce .ccsesccsece sssccccecdeccesccscsscsccccccesavcescnsoes „ 10 
Ferriferous limestone and ore, both formerly worked ....csesccsccesens 2 86 
Interval... .....cescccscscscsssccccssccrsccssccsccccsessecesesaccsscessecevececcscecs 14 
Kidney Ore, formerly Worked.........cccsccccccssscsrssscccessscccscvsccsees 1 
Tmtervall ..n.csecssccccrcscscscecccccccscessscccscescscsscccscassscsosce PIPPEPEFRRERERR 34 
Coal—Tionesta (?) No. 3b, overlain by black slate............esecccers 2 
Interval... ...cccscccse snussouunsnonensnnunnnensonnnsnnunnnsuonnsnonsnsunnnenennnee „ 16 
Coal—Upper Mercer, No. 8@......... ...ccccssscsccsescccsceseeccssensececcees 1 6 
Interval ........escssomsssnonnsennusesannnonunonnunnuenosnennssennsnnuennensnnannen 21 
Lower Mercer limesione ..ccecsce soccecccscsscccccccccncccnsccscescccessescnssacees 5 
Lower Mercer Coal and alate, No. B.4......00.cccoseeees Ossoscccscesscccece 7 


There is not a clearer section in the Ohio Coal Measures than this. 
It has the four limestones that are most serviceable in carrying horizons 
from point to point. The Lower Mercer limestone in particular is in 
ita best and most characteristic development. It lies in the bank of 
Raccoon Creek, and covers quite a heavy deposit of interstratified coal 
and slate, which is of little or no value. The limestone soon rises from 
the banks of the stream to the westward, and is found everywhere at 
its proper level. If there is any one formation that every one knows, 
and about which no controversy is possible, it is the Lower Mercer or 
Blue limestone. Various attempts have been made to mine the coal 
below it to the westward, but aside from small county banks, it sup- 
plies no proper basis for mining. 

The Ferriferous or Gray limestone is here seen at its extreme 
eastern development. Everywhere to the west and south it is in full 
force, and its ore has been thus far the chief mineral element of value 
throughout this region. It was first recognized, though somewhat 
doubtfully, by Andrews in his report of 1870, but the section in which 
it occurs is in all respects normal, as I have shown in vol. ITI, p. 922, 

The Cambridge limestone, in like manner, is unmistakable. There 
is no stratum with which it is in danger of being confounded. In the 
present section it is 212 feet above the Carbondale coal, and this measure- 
ment certainly forbids the reference of this seam to any higher horizon than 
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the Nelsonville coal. The interval between the Nelsonville coal and the 
Cambridge limestone in the Hocking Valley is generally about 180 feet, 
but all intervals expand to the southward, and the measure above given 
is quite in keeping with the general facts, on the theory that the Car- 
bondale and Nelsonville coals are the same. 


The facts of the dip are in accord with the view that the Carbon- 
dale seam isthe Middle Kittanning. At Carbondale the coal is 193 feet 
at one entry and 200 feet at another above Lake Erie. The coal at 
Mineral city has fallen to 138 feet above the same base. In passing 
westward the strata rise slowly, the coal being 202 feet at Moonville 
and 248 feet at Hope Station. The Nelsonville seam would agree well 
with all these elevations. 


By those who refuse to accept the Carbondale as the the continua- 
tion of the Nelsonville seam, the former is generally counted as No. 6a 
of the Hocking Valley series, a seam that is found 30 to 40 feet higher 
than the Nelsonville coal. It is the Lower Freeport coal of the general 
scale. This seam begins to be workable in this district about New Lex- 
ington, where it is known as the Black coal. At Moxahala it is the 
Fowler coal. In the vicinity of Buchtel it is often found 3 feet thick 
and of fair quality. It is here about as far above the Nelsonville coal 
as the Lower Kittanning coal is below that seam, and like the latter it 
is 80 overshadowed by the great seam that little account is taken of it. 


In passing from Floodwood to Carbondale, after crossing the divide 
between Floodwood Creek and Hewitt’s branch of Raccoon Creek, this 
seam is found opened in a number of country coal banks. The first of 
them is in Fraction XIX, York township, on the farm of Thomas 
Juniper. The coal seam is here 2 ft. 8 in. thick, and consists of two 
benches, the lower one being 12 inches thick and the upper 16 inches. 
The parting is shale and 2 inches thick. The roof is dark but not black 
shale. About the place and name of this coal, there is no dispute. A 
shaft was sunk 2 of a mile from this point by George W. Gill, of Co- 
lumbus, to the main coal, which is said to have been found 26 feet be- 
low the Juniper coal, and 6 ft. 11 in. thick. 

The Juniper coal can be traced down the valley of Hewitt’s Fork, 
asallagree. It has been opened on every farm. The last entry upon 
this seam on this side of Carbondale is in section 30, Waterloo town- 
ship, on the land of Henry Frank, where it is again found with a single 
shale parting in the middle of the seam. The two benches are here 





112 GEOLOGY OF OHIO. 


each 17 inches thick. The seam shows the same structure at all of the 
intermediate points, so far as could be learned. At both of these en- 
tries, and all along the line, there is a heavy and characteristie de- 
velopment of the Upper Freeport limestone from.15 to 20 feet above 
the Lower Freeport coal. This relation between coal and limestone 
has been maintained for the last 25 miles at least, as will be seen by the 
sections that have been already given. A heavy sandstone overlies 
the limestone, a phase of the Upper Freeport sandstone of the general 
scale. 

The valley which we have been following from Juniper’s to the 
Frank coal bank holds a direction a little east of south, so that its fall 
coincides with the dip of the coal, but below Frank’s, the stream turns 
abruptly to the west, and thus runs against the dip of the coal. It 
is here that the mistake has been made which has led to the posi- 
tive identification of the Carbondale and the Juniper coals. No one 
questions that the latter is the seam known as No. 6a to the northward. 
At the Frank mine, the coal has the same level that the Carbondale coal 
has, # of a mile to the westward, but the dip brings down the upper 
seam in this interval to this level. It must be granted that the required 
dip is in excess of that usually prevailing, but it is not by any means 
without precedent. 

At Carbondale the Upper Freeport limestone is found at 53 ft. and 
at 60 ft. above the Carbondale coal, but at Frank’s and Juniper’s, the 
same limestone comes in at 17 ft. above the coal. A heavy sandstone, 
the Lower Freeport, covers the Carbondale coal throughout this region. 
The Freeport limestone lies only a few feet above it in many places, in 
which cases the Lower Freeport coal is wanting. It is the resemblance 
of this sandstone to the stratum above the limestone which has helped 
to mislead many as to the true order. The two sandstones often appear 
as one undivided stratum, and yet care enough in examination will 
generally show the place of limestone or coal between the two elements 
that constitute the apparently massive rock. Andrews gives in his sup- 
plemental report an instructive example of the blending of these same 
sandstones in another portion of the field (vol. III, p. 853), and every 
geologist who has worked upon coal measure formations has met with 
similar cases. 

A better guide is found in the Cambridge limestone. "There is an 

outcrop of this limestone above the Frank coal, or rather above the 
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opening of the same seam on the opposite side of the creek on the 
Nanny farm. The Cambridge limestone is here 146 feet above the coal, 
while at Juniper’s the limestone is 160 feet above the coal. These are 
both proper intervals for this region, but in section 29 (northwest quar- 
ter), Waterloo township, one mile south of this point, another fine 
exposure of the Cambridge limestone is found directly above a mine of 
the Carbondale coal. The interval is 210 feet, the same interval as at 
Brewer’s cut. These measurements settle the question conclusively. 
The Carbondale and the Juniper coals cannot be the same seams. 

The section at the last-named point is a valuable one. It shows 
the Mahoning: sandstone in great force, and also the Lower Freeport 
sandstone in strong development. It is as follows: 


Feet. 
Cambridge limestone ...... .....scssccccsssscscccsccsvcscccccsccnccscsccesece nn sees 2 
Interval concealed ...........oserusnuone saunan onnounnnuneonsnannonnnansennensunnunsnenen 58 
Mahoning sandstone, massive ............ ‚ussaonsnasssununsonunsennnnenssanenonananee 54 
Interval concealed..........ssssssenonsnonounsonnannnnennonnannuensensen unnnnonar soeees 55 
Lower Freeport sandstone, Massive ...........cescccccecsccssccccsesecsecscssceaee 85 
Shales .......ccccscccscccsecnccccvesccs snssennonunenunsnenennne ansnnssnennnnnnnnennsnenenn- 6 
Carbondale Coal .......ccccoccecsecessesccscsscccsecnessescececssescess Lcscncescccccescecss 4 


The Upper Freeport coal is found at Carbondale: 80 to 90 feet 
above the Carbondale seam. 

The structure of the Carbondale coal is equally conclusive. It is 
a 3-bench coal throughout all of the extensive workings at Carbondale, 
and throughout all the district with which it is directly connected. The 
structure is uniform and regular to a high degree. It is as follows: 


Inches 
“Nigger-head”—Black shale, with fossil WOO .......0.....ssccccsscescsesecoes 12 
Coal—inferior quality ..........sccssscsseecsscessosces nannnonnananen Lens osnonsnnunssene 12 
Clay parting..........cccccocscccsessccssescceee sncessvensessees Lonssoessnusensnuunonsene 4 
gensnnnsenensonsnnsansnsnenensennnrenennanssnnen ence eseeesenecascssees poseesees cesses ences 28 
Slate parting .........cccccccccsccscesreccscsccscncces \nssnsnsssasnnsnnosssnensnneneneen 1 
Coal . ....uzen00 ssuennsennonennnnsunensasuunnuunune sauas so nunnsnnnsennssanssesntnasen se nun 8 
58 


This is the Nelsonville coal with the upper and lower benches reduced, 
The most characteristic feature of that seam is the 28-inch second bench, 
The Carbondale coal cannot become in half a mile the two-bench coa 
of Frank’s and Juniper’s banks without a great anomaly. The Lowe, 


g§ «4. 
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Freeport coal is often a 3-bench coal, it is true, but it is not in this 
neighborhood, as has been already shown. 

If the Carbondale coal were the Lower Freeport seam, then the 
Nelsonville seam should be shown, as the strata rise to day along the 
valley of Raccoon Creek. There are chances without end to see every 
foot of the strata for 150 feet below the Carbondale coal along the line 
of the Marietta and Cincinnati Railroad, westward from Mineral City. 
The road is a long established one, and it has not spared pains to 
develop the coal seams along its line. Every seam that has held out 
any promise has been opened and proved within the last 25 years, but 
thé result is that the Carbondale seam is the only one that is worked. 
It is not possible that a thicker and better seam lies undeveloped in 
this district where everything is naked and open] 

Again, if the Nelsonville seam were below the Carbondale coal, it 
should be found in borings at that point. Such borings have been made, 
and the records ‚are known. 

Alexander Todd, Esq., of Loveland, Ohio, was Manager, and after- 
wards President of the Southern Ohio Coal Company during the years 
1869-70. Under his supervision, a hole was bored, starting from the 
level of the Carbondale coal within 20 feet of the mouth of the main 
entry. The earth was removed until the bedded rock was reached, and 
then the drill was started. The hole was carried down 87% feet. A 
thin sandrock was first passed. At about 30 feet, an 18-inch seam of 
coal was passed (Lower Kittanning), but nothing else in the way of 
coal was found. 

Many other borings have been made in the valley, and if any one 
had ever struck a 6-feet seam of coal, shafts would have gone down 
within a year. All of the claims that are made as to the proved 
occurrence of a thick coal below the surface in this immediate region 
are without good foundation. 

The identifications of the Nelsonville coal in the valley of Raccoon 
Creek, as made by Hunt in his “ Mineral Resources of the Hocking 
Valley” (pp. 9, 25 and 27), are entirely inadmissible. In all instances 
but one, the seam, as thus followed, is found in reports of borings and 
shafts, but these reports neither agree with each other nor with the facts. 
The only instance where he finds the Nelsonville coal, according to his 
view, coming to day, is in the bed of Raccoon Creek in section 19, 
Brown township, near Brewer’s cut on the M. & C. RB. R. "The 7 feet 
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of coal and slate that are here found are counted by him as the true 
Nelsonville coal. But these 7 feet of coal and slate are capped with 
5 feet of as characteristic Lower Mercer limestone as there is in Ohio. 
This coal seam has an elevation above Lake Erie of 103 feet. The 
Ferriferous limestone with its ore, a worked horizon, is found 102 feet 
above it; the Carbondale oval, 136 feet above it; and the Cambridge 
limestone, 348 feet above it, all in the same section. There is not a 
clearer or less ambiguous section in the Lower Coal Measures of Ohio. 

The combined section at Carbondale is shown in Fig. XXII, in 
which most of the elements and measurements already given are 
incorporated. By the side of it is shown the Brewer’s out section, 
Brown township, to which reference has just been made, and which was 
also given on a previous page. The combined section A has the fault 
of ita kind, that it gives in a single column elements that are not found 
in any one vertical series, and some minor deviations will therefore be 
found from the measurements obtained in the separate sections, but no 
difficulty will be experienced in understanding the facts as thus repre- 
sented. 

The accompanying sketch map, Fig. XXIII, shows the locations of 
most of the points involved in the immediate vicinity of Carbondale. 
The differences in elevation were determined by the engineer’s level. 

The name and place of the Carbondale coal have been treated thus 
at length because a wrong determination would vitiate all of the con- 
nections of the Hocking Valley coal field with the Hanging Rock 
District. The reference of it, first made by Andrews, to the Nelson- 
ville coal proves to be the correct reference, and the question may now 
be counted among the settled ones in Ohio geology. 

The sections which we have last considered have carried us into a 
new field, viz., the Hanging Rock District of Southern Ohio. We have 
now reached the most northerly of the great furnace tracts that are 
located upon the outcrop of the Ferriferous limestone. To continue 
the examination of the series in the same detail with which we have 
thus far advanced, is no longer necessary, for from this point to the 
Ohio River there is one dominant horizon, which is every where worked, 
and which every one knows, and about which dispute is out of the 
question. 

If the unity of the Lower Coal Measures of Ohio, and the per- 
sistence of their main beds are considered established by the facts 
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already presented, from the Pennsylvania border to the point which we 
have now reached, then this unity and persistence may be counted 
established for the whole margin of the coal field in the State. 


The stratigraphical order of the Hanging Rock District was in the 
main clearly shown in my report upon that field in volume III, Geology 
of Ohio. The general section there published has proved a true one 
for almost every portion of the series, and has become an accepted 
guide in the practical development of the region. An error of some 
magnitude, and very confusing to the true order is, however, to be 
found in the position assigned to the Maxville limestone. This lime- 
stone is undoubtedly of Sub-carboniferous age, and is geologically below 
both the Wellston and the Jackson coals, whereas, the section reverses 
this true order. The view so strenuously maintained by Andrews in 
regard to this point was the true one. The number of coal seams, how- 
ever, and the intervals between them were correctly given, with the 
exception already noted in regard to coal No. 6a and coal No. 66. 
These two seams should be merged in one. There is also an extra coal 
seam shown about the Lower Mercer limestone that probably nowhere 
reaches any profitable development. When these errors are corrected, 
the section will serve as well as any that could be constructed now, to 
indicate the general order of the field. 


One important error in the application of the section will presently 
-be noticed in treating of the Waterloo coal field of Walnut township, 
Gallia county. 

A brief resume of the essential facts will be here given, and the 
elements, as far as they can be certainly identified, will be named in 
accordance with the section that we have brought along from Pennsy]- 
vania to the borders of the Hanging Rock field. 

The Ferriferous limestone is the key to the series, the common 
bond for the several portions of the field. 

Above it are everywhere found the two Kittanning coals, as steady 
and regular as they are in any like area of their wide extent. 


The limestone is generally covered with 5 to 15 feet of white clay, 
the well-known Kittanning clay of Pennsylvania and Eastern Ohio. 
Throughout the Hanging Rock District, this is a valuable, though for 
the most part an undeveloped horizon. It is generally ja plastic or 
potters’ clay, and is sometimes very pure and rich. There is sometimes 
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found above the coal a hard or non-plastic clay, as at Portland, Jack- 
son county, which is of excellent ‘quality. 

The Lower Kittanning coal is separated from the limestone by an 
interval varying between 9 and 30 feet. In the northern portion of the 
field, the smaller measure prevails. In Lawrence county, the usual 
measure is 25 to 30 feet, a heavy sandstone cometimes setting in. The 
coal is workable at many points, but it attains the greatest value in the 
southern part of Lawrence county, about New Castle. It is best known 
as the New Castle coal, on this account. . 

The second coal above the limestone or the Middle Kittanning coal 
has the same relative prominence and value in this field that it has in 
so many other districts through which we have passed in our review. 
We have just left it in the Hocking Valley as the Nelsonville coal, the 
thickest and most profitable seam in the State. We found it thinning 
down into the Carbondale coal, which was still further reduced in the 
Mineral City seam. It is in this thinner and weaker phase that it ex- 
tends over the northern half of the Hanging Rock field. There are 
considerable tracts in Vinton and Northern Jackson counties where it 
does not admit of being mined with‘ profit, though its place is always 
marked, but from Jackson county southward it gains somewhat in 
volume, and gives rise to many country mines. At Washington Fur- 
nace, it is extensively worked for iron manufacture, being used raw in 
the furnace with great success. The coal seam is less than 3 feet in 
thickness here. It is 4 feet 2 inches thick, and of excellent quality at 
Evans’s Mills in Greenfield township, Gallia county. On the Ohio River 
at Sheridan, it has been worked on the large scale, and it attains still 
greater value south of the Ohio River in the Coalton District of 
Kentucky. 

A heavy sandstone underlies it at some little distance, the Kittan- 
ning sandstone of our general scale, and a heavy sandstone overlies it 
everywhere, the Lower Freeport sandstone. 

The Lower Freeport coal has a good deal of value throughout the 
field. It is the Hamden Furnace coal of my report in volume ITI, and 
also the Hatcher coal of the same report. It is frequently a thicker, 
and therefore more valuable seam than the Middle Kittanning below it. 
The interval between these seams ranges from 30 to 55 feet. In the 
northern portion it holds the former measure, but in volume III it was 
shown that this interval slowly expanded until it became about 50 feet 
for the general measurement. 
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The Lower Freeport limestone is quite a steady element of the 
scale in the southern portion of the field. Its place is generally 8 to 
10 feet below the coal. It is known as the Lower Buff limestone, and 
is the Snow Fork and Norris limestones of the report in volume III. 

The fourth coal above the Ferriferous limestone is the Upper Free- 
port seam. Both coal and limestone are well developed throughout the 
district, the limestone as usual being much steadier than the coal. The 
interval between coal and limestone is reduced to a few feet once more, 
4s in the central and eastern portions of the State, and unlike the con- 
dition in the Hocking Valley. 


The coal displays its usual capricious and changeable character. It 
is workable at a large number of localities, but it does not maintain 
itself from point to point. 


There is in the district one field of unusual promise, comparable to the 
Dell Roy or the Cambridge field, though probably less extended than either 
of these. Itis known as the Waterloo coalfield. A serious error exists in 
my report in volume III, with reference to the Waterloo coal. It was 
identified as the Nelsonville or Sheridan seam. This was an error of 
precisely the same character as that which was made in regard to the 
Dell Roy coal, when it was pronounced No. 6, or the Middle Kittan- 
ning coal. In both cases the location of the seam, so far from the 
margin of the field, furnished an antecedent probability that the seam 
must belong to a higher horizon than the Middle Kittanning coal. In 
the case of the Waterloo coal, there was no error of the general section 
involved, but only an erroneous application of the section. For the 
correction of this error, we are indebted to Mr. Emerson McMillin, of 
Ironton. . 


At Olive Furnace, the seam becomes once more for a limited extent 
a blackband horizon. The limestone of the series becomes in many 
cases an ore, sometimes of excellent quality, but generally so uncertain 
in regard to its percentage of iron as to be unfitted for furnace use. — 

The Brush Creek coal (Salineville Strip Vein) is a regular member 
of the series. It is No. 7a of the report in volume III. A coaly streak 
occurs quite constantly in the interval between this and the Upper Free- 
port coal, but it does not deserve a place in the list of coals. The Brush 
Creek coal seldom reaches 30 inches in thickness, but its quality is 
generally excellent. There are but few mines opened in it, but its place 
is always recognizable. The Brush Creek limestone (third buff lime- 
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stone) is quite a constant element. The coal is overlain by the second 
stratum of the great Mahoning sandstone, a much heavier and coarser 
ledge than the lower division which overlies the Upper Freeport coal. 
The upper sandstone is the Buffalo sandstone of White’s Report on 
Lawrence County, Pennsylvania. The thickness of the Mahoning sand- 
stone (lower) may be taken as 25 feet, and of the Buffalo sandstone or 
Upper, as 40 to 50 treet. 

The ores that help to mark the series and establish connections 
have been mainly omitted from this review, but they are better known 
in the furnace tracts than the coal seams, though less widely distributed 
through the field at large. 

The intervals between the leading elements of the scale are as 
follows : 


Cambridge limestone, in two strata, 10 to 20 feet apart. 

Interval (from Upper Cambridge)............sscccccccccccce sceseccsees 55 to 70 
Brush Creek coal—No. 7a. 
Brush Creek limestone—Upper Buff limestone. 

Interval (from B. C. coal) ......ccscccccsccccscce scenes ccscceccscetoscecces. 40 to 60 
Upper Freeport coal—No. 7, Waterloo seam. 
Upper Freeport limestone. 

Interval (from U. F. coal) ........00. sassoussooonunsssesnnsnnunsnnuusenens 80 to 50 
Lower Freeport coal—No. 6a, Hatcher seam. 

* Lower Freeport limestone. 

Interval (from L. F. coal) ...... ssccccsssccscssee: sescveccssccscersesesscess 80 to 55 
Middle Kittanning coal—No. 6, Sheridan seam. 

Interval ........csccsssosrccccscscscccssccesssccavesscoencscessscscescscessescssacs 25 to 45 
Lower Kittanning coal—No. 5, New Castle seam. 


Ferriferous limestone and ore. 


For the representation of the series from the Ferriferous limestone 
to the Cambridge limestone, inclusive of both, the general section pre- 
pared by E. McMillin, of Ironton, for the Ironton and Northeastern 
Railway Company, is hereby reproduced with the permission of the 
author. The names of the coal seams, as now understood, are inclosed 
in brackets, the only addition to the section. 

This section illustrates the wonderfully close agreement of this 
portion of the scale with the several fields that have already been passed 
in review. 

The series below the Ferriferous limestone is by no means as clear 
or as well understood as the series above, but there are many well-settled 
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facts, to a few of which attention will now be called. The Lower 
Mercer limestone will be counted the lower limit of the series in this 
review. | 

Immediately below the limestone, there is found throughout much 
of Vinton and Jackson counties a valuable coal seam from 3 to 5 feet 
thick, and a main source of fuel for the territory in which it occurs. It 
is everywhere known as the Limestone coal. It fails to accompany its 
limestone to the southward, being seldom seen in Lawrence county, 
neither does it extend to the northern limits of the limestone, but in 
the region of its development it is as steady as the limestone iteelf. It 
is evidently the Scrub Grass or Upper Clarion seam of our general seo- 
tion, It sometimes drops away from the limestone as much as 12 or 
15 feet. 

The Putnam Hill limestone with its coal (No. 4 of Newberry) can 
be followed into the field with certainty, but it can be followed through 
the field with only a high degree of probability.. 

We find it in good development as a limestone and flint horizon in 
northern Vinton county at a distance of 30 to 50 feet below the Ferri- 
ferous limestone. 

On the Dunkel farm near Creola, Swan township, it is fonnd 35 
feet below the Ferriferous limestone and ore. The Putnam Hill lime- 
stone is here shaly and very fossiliferous, and enclosed in white clay. 
On the Feeogh farm, east of railroad from Swaim’s Station, it is found 
as a 4-feet flint, underlain with a thin coal, and with a 10-inch streak of 
coal directly above it. It is about 50 feet below the Ferriferous here. 
At McArthur, the flint shows in force on the Felton farm, a mile south 
of town. Through all of this neighborhood the coal seam of this 
horizon is mineable and valuable. It is a two-bench coal, 4 feet thick, 
and it yields a light white ash. It is locally known as the Winters 
coal, and also as the Flint Vein. | 

The horizon is further conspieuous from the valuable iron ore that 
is associated with it, the seam lying directly beneath the fire-clay of the _ 
coal. This ore is known as the limestone kidney. It is largely worked 
and highly esteemed. A smaller kidney ore occurs 20 or 30 feet 
above it. 

By means of the kidney ‘ore we can trace the horizon well down 
into Jackson county, but the ore fails before the southern line of the 
county is reached. It seems very probable that the Conway coal of 
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bry ite relatiim to the main or upper block ore of the Ohio valley. It 
Joa few feet shove this widely-known horizon. 

The Upper Mercer horizon is remarkably distinct throughout the 
entire field, but its chief value lies in the ore which it bears. The lime- 
sume elf, or the flint that replaces it, is found at intervals all along 
the line, but the ore continues where the limestone fails. The ore is 
the now famous Dunkel block ore, or Swan township ore, or Creols 
block ore of Vinton county, the Big Red Block of Jackson county, and 
the Main block ore or Franklin Furnace block ore of Lawrence and 
Buinto counties. 

The coal of this horizon is generally thin, and no considerable 
mines are known in it. 

Tho interval that separates the Upper and Lower Mercer lime- 
ntonen varios in different portions of the field. It is 30 to 40 feet in 
Vinton county. It becomes 50 feet or even 60 feet in the lower 
counties, 

Tho Lower Mercer limestone and its coal and ore are so well 
determined that they require no detailed description here. This horizon 
next to the Ferriferous limestone, is the easiest to follow, and the 
hardent to lose in the Lower Coal Measures. 

The series that have been thus far described can be more clearly 
shown by arranging the elements in vertical order, and indicating the 
interval that separate them. 


Kerriferous limestone. 
Cyal~-Upper Clarion or Scrub Grass, limestone vein. Feet 
Interval, frequently embracing the Hecla sandstone (from 
lImestone) seesssensssusssnsssssnessuassunssnnsssnssnnnsnnsnnssennonsscenee 80 to 60 
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Feet. 
Putnam Hill limestone. 


Coal—Brookville? Winters coal, Conway coal? No. 4 of New- 
berry. 
Ore—Limestone kidney. 


Ore—Dunkel Block, Franklin Block, Main Block. 
Upper Mercer limestone or flint. 
Coal—U pper Mercer. 
Interval .........scsecccoccsssccscsccscncces cecesesscescnscsescccese sunens senses 80 to 60 
Gre—Lower Mercer, Blue limestone block, Little block. 
Lower Mercer limestone. 
Coal—Lower Mercer. 


The whole interval between the Lower Mercer and Ferriferous 
limestones ranges between 90 and 160 feet. It is quite steady at the 
latter figure in Lawrence county. In northern Vinton it is about 100 
feet, but in the central parts of the county it becomes 130 to 140 feet. 

The object for which this chapter was undertaken has now been 
accomplished. The series with which we set out at Lowellville, on the 
Pennsylvania, line has been traced around the entire Ohio border of the 
Lower Coal Measures. It has been made plain that a large number of 
these horizons, and that some of the individual elements, are continuous 
throughout the whole extent of country that has been traversed. The 
Freeport Group, the Kittanning Group, and the Mercer Group can be 
named as signal examples of this persistency. Toa considerable extent, 
lithological and chemical characteristics are maintained in the several 
members of these horizons throughout their entire extent. The state- 
ments which would properly describe the Lower Mercer limestone in 
Mahoning county would describe it in Jackson or Scioto counties with- 
out the change of a word. The same thing is true of the Freeport 
limestones. 

The Kittanning clay retains the same characteristics in Lawrence 
county, Ohio, that it has in Lawrence county, Pennsylvania. The 
Limestone ore of the Hanging Rock field has the same peculiarly excel- 
lent quality that characterizes the Buhrstone ore of Western Pennsyl- 
vania. 

The Kittanning coals are noted for their steadiness throughout all 
of the territory that they occupy, while the Freeport coals are every- 
where sporadic and uncertain. 
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Different conditions of growth and accumulation are indicated by 
such facts, and glimpses are afforded in them of the physical geography 
of these distant periods. 

The connections, which it has been the object of this chapter to 
establish, have been made to rest as little as possible upon assertion. 
The ability to recognize the several Coal Measure limestones, the Mer- 
cers, the Putnam Hill, the Ferriferous, the Freeports, the Cambridge, 
and the Ames, is of course involved in the construction of sections in 
which these elements occur, but they are so well characterized as a rule 
that it is not asking very much that this ability shall be conceded. 
The identifications made by others, and continuity that is based on gen- 
eral knowledge, have been brought into requisition in very many 
instances. Even the measurements of other geologists have been fre- 
quently adopted in order that the conclusions may be seen to rest as far 
as possible on the consenting and harmonious testimony of many, rather 
than on the judgment of one. 

The illustrative sections might have been multiplied indefinitely, 
but it is believed that enough have been given to weld the series of the 
several fields. It is not denied that in the establishment of this unity 
of history, such sections as would best illustrate it have been selected, 
but in all cases the range of measurement and variation has been stated 
for the several subdivisions of the field. 

The uncertainty in which some questions of identification have 
been left is not the result of unusual obscurity in the subjects them- 
selves, but rather of the necessary haste with which the work of ex- 
ploration has been conducted. There are but few insoluble problemas, 
to say the least, of a stratigraphical character in the Lower Coal Meas- 
ures of Ohio. 

The results of the investigations that have here been recorded may 
be thus expressed. There are in the Lower Coal Measures of Ohio, or 
in other words, below the lowermost division of the Mahoning sand- 
stone, twelve regular seams of coal, all of which are of mineable thick- 
ness (24 inches and over) in some part of their extent. In this enumer- 
ation, the Lower Clarion and Upper Clarion (Scrub Grass) are counted 
as distinct seams. Furthermore, there are two seams that are found 
in a great many sections, the No. 5a of Newberry from the Tunnel 
section at Mineral Point, and the 18-inch seam so often found between 

he Middle Kittanning and the Lower Freeport coals in Columbiana 
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and Jefferson counties, that might be added to the number, but as they 
are nowhere known to be workable, they are omitted. 


The names of these coals in the Pennsylvania system are as follows, 


some of their Ohio synonyms being placed in parallel columns: 


Coa, Seams or THe Lowan OoaL Muasunes or OHIO. 
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Upper Freeport coal....... Coal No. 6 and Coal No. 7.......... Big Vein of ‚Salinerille, 


brid Alexander, 
ey’s Run, Norris, 
Happy Hollow, Wat- 
erloo. 


Lower Freeport coal. 
(Upper Kittanning coal). | Coal No. 5 and Coal No. 6a. ...... Roger, Steubenville 


Hamden Furn- 
Middle Kittanning coal non, ateher. 


(No. 5a coal). ovcee © sccece Coal No. 6 and Coal No. 4. “u... coco Strip Vein of Ham- 
e mondsville, Osnaburg, 
Pike Run, Dennison, 
Coshocton, Zanesville, 
Straitsville, Nelson- 
ville, Carbondale, 
Sheridan. 


No. 3. . New Castie, Lower 
New Lexington, Creek 
Vein, Hammondsville. 
Upper Clarion coal........| Scrub Grass, Coal No. 4b... Canfield cannel, Creek 


Coal No. 4, and Coal No. 8. Vein, New Lisbon 
Limestone coal of Vin- 


Lower Clarion COAL. ..ccccee Coal No. 4a. ........„o..neoe 0000 veevesces ton county, ete. 
Brookville coal... ............ Coal No, 4. .......ssccccees te sescecseeees Gray limestone coal of 
Greentown, etc. 
Tionesta coal eosenee “oo... Coal No. 8b. PET ITYIITLELIIETIIIUIETIIITTTT Bolivar, Mc Arthur, 
{Newland's), Vinton 
rnace (?) 
Upper Mercer CORl......... Coal No. 8a. IYI TIPPEE Cr Bryce Coal of Canfield, 


Bedford cannel, Co- 
shocton county. 


Lower Mercer COBL, rcccccce: Coal No. 3. POTT TI WEITET HIT TEETTE Blue limestone coal 
Wick & McDowell's 
coal of Canfield, Flint 


dge cannel. 
Quakertown coal........... .| Coal No. 2. .ccccsceccccncscsesesccssceses Wellston (7) 
Sharon coall........ ccs en. Coal No. 1. ...... eee cossscscccsees PAPER Block coal, Brier Hill, 
You wh, M 


assil- 
lon, Jackson shaft (?) 
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A section embracing not only the coal seams, but all the main 
elements of the Lower Coal Measures of the State, is given below: 


MAHONING SanpstoNE—CoNGLOMERATIC, MASSIVE. 


Upper Freeport coal and blackband ore of Tuscarawas, etc. 
“ clay or Bolivar clay. 
“ limestone. 
“ shale or sandstone. 
Lower Freeport coal. 
“ limestone. 
“ sandstone, conglomeratic ; sometimes shale. 
Middle Kittanning coal. . 
Shale and kidney ore. 
Kittanning sandstone. 
Lower Kittanning coal. 
Kittanning clay—Mineral Point. 
(Shale and sandstone). 
Ferriferous limestone and ofe. 
Clarion coal, Upper or Scrub Grass. 
Sandstone—Hecla. 
Putnam Hill limestone, 
Brookville coal. 
Sandstone or shale—Tionesta. 
Tionesta coal. 
Upper Mercer limestone or flint, with ore. 
Upper Mercer coal. | 
Shale. | 
Lower Mercer limestone and ore. 
Lower Mercer coal. 
Sandstone—Massillon ; upper division. 
Quakertown coal. 
Sandstone— Massillon, conglomeratic. 
Sharon or Brier Hill Coal, with Mahoning blackband. 
Sharon Conglomerate. 





CHAPTER II. 


THE ‚COAL SEAMS OF THE LOWER COAL MEASURES 
OF OHIO.—IN PART. 


By Epwarp Orron. 


In Chapter I, the general order of the Lower Coal Measures of 
Ohio has been discussed. In treating of this subject, the various coal 
seams that these measures contain, have come in for a large share of 
attention, as the most valuable, the most characteristic and the best 
known members of the series, but they have been treated only as strati- 
graphical elements, the place of which in the general scale was to be 
determined, and whatever references have been made to the characters, 
qualities and uses of the coals, have been merely incidental and in fur- 
therance of the main object of the chapter. 

But these last-named points certainly deserve a distinct and full 
consideration, and the present, and one or more succeeding chapters, 
will accordingly be devoted to the coal seams of the Lower Measures in 
their economic aspects. These several seams will be treated with refer- 
ence to their (1) extent, their (2) qualities and uses, and their (3) present 
development as bases of mining. The methods of coal mining employed 
in the State will be the subject of a separate chapter. 


METHODS OF DESIGNATING CoAL SEAMS. 


Before entering upon the discussion, it will be necessary to deter- 
mine the names or designations by which the coal seams shall be known 
in this report. 

In the naming of the coals of the Appalachian field, two systems 
are inuse. The first, which is far the most widely employed, gives a 
name to a coal seam from some locality where it is well developed or 
mined on a large scale. The Pittsburgh, Freeport, Nelsonville and 
Massillon coals are examples of coal seams named on this plan. 

9 G. 
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The second system designates the seams by letters or by numbers. 
Lesley. in his “Manual of Coal and its Topography” as well as in earlier 
contributions to the First Pennsylvania Survey, made use of letters, 
styling the Brookville coal, coal A, the Clarion coal, coal B, ete., but 
in the reports of the Second Pennsylvania Survey, now in progress, he 
emphatically discards and repudiates this method. (Q 2, Preface, p. 
xxix. Note.) 


Newberry introduced the use of numbers for the same purpose in 
his reporte on the Ohio coal-fields. The system first appears in the Re- 
port of Progress for 1870 (p. 26 et al.), but it was considerably modi- 
fied in his more formal and extended treatment of the subject in volume 
II of the final reports (pp. 130-131.) The Wellston coal is here referred 
to. There is much to be said in favor of the use of numbers in such s 
classification. They certainly afford the most convenient designations. 
Number 5 is spoken and written more easily than Lower Kittanning 

Furthermore, the number definitely suggests the position of the 
seam in the series, while the local name can do so only in an indirect 
way. When we identify a coal seam as the Lower Kittanning, we 
assign to it as definite a place in the series as a number could do, but we 
are obliged to call to mind a greater number of facts in reaching the 
conclusion. Lesley’s objections to letters and numbers in the passage 
referred to above, do not seem well taken. They are valid against a 
system of numbers that is applied before the facts in regard to the 
series are known, but they will-hold with equal force against any othe 
system of identifying and naming the beds of different localities under 
like condition. 


It is certain, that no important and widely extended coal seam ex- 
ists in Western Pennsylvania that has not been taken account of by the 
Survey now in progress there. Such a seam could not have been missed 
alike in outcrop and in boring during the protracted and thorough ex- 
aminations, scientific and practical, to which the coal measures of that 
State have been subjected. If numbers or letters were now used to 
designate these coal seams, it would never be necessary to change them. 
Any sporadic or local deposit hereafter discovered could easily be inter- 
calated in the numerical scale as it would need to be in the geological] 
column. 


The strongest objection that appears is, that such numbers might 
stand in the way of correlating the series of widely separated fields, as 
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the Anthracite region of Eastern Pennsylvania, for example, or the New 
River coal-field of West Virginia, in which, possibly, many new 
elements may be found. 

But whatever theoretical advantages a numerical system of desig- 
nating coal seams may possess, it becomes necessary to abandon the sys- 
tem now in force in Ohio un the following grounds : 

1. Itis inadequate. There are but 7 numbers used to represent 
the coals of the Lower Measures, and the uppermost one of these beds, 
as counted by Newberry, viz., the Salineville Strip Vein, is above the 
lowest number of the Mahoning sandstone, and therefore a Barren 
Measure coal, if the old boundaries of the subdivisions are respected. 
But as shown in Chapter I, there are certainly 11, and possibly 13 seams 
in the series that deserves enumeration. If the Salineville Strip Vein 
be added, there are 14 seams. One-half of the seams must therefure be 
belittled by intercalated numbers. 

2. The system isinconsistent. The number 2, for example, is fixed 
upon a horizon in which there is not a coal mine to be found in the 
State, except in one district of one county, and even here the applica- 
tion of the number is a disputed point. 

This district is an important one, it is true, but there are several 
widely distributed seams that are mined in a number of counties that 
were left without any place in the scale. The Tionesta coal is an ex- 
ample. It is mined in Mahoning, in Tuscarawas and in Vinton coun- 
ties, but it has no number. The Upper Mercer coal is another example. 
It is mined in Mahoning county, and in Holmes and Coshocton coun- 
ties, it furnishes the thickest and most valuable deposit of cannel coal in 
the State, but it rests under the cloud of an intercalated number, viz., 
3a. A still more glaring case of this inequality is found in the treat- 
ment of the Lower Freeport coal, which is the basis of mining in one 
of the most important fields of the State, viz., the Steubenville field. 
This field must be known from Stark county westward as No 6a. 

3. The system is confusing and misleading to a great degree. The 
Freeport coals, one of which has just been cited, are cases in point. 
They are known as Nos. 5 and 6 in Columbiana county. In Stark coun- 
ty they are Nos. 6a and 7. In Carroll county they are 5 and 6 in the 
central and southern parts of the county, and 6a and 7 in the northern 
townships. In Jefferson county, the Lower Freeport is called No. 6. 

Number 4, as has already been shown, is applied to the Putnam 
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Hill limestone seam (the Brookville coal?) in Stark county. In th 
adjoining county of Mahoning, it designates the Clarion coal. In Cx 
lumbiana county, the Lower Kittanning coal becomes’ No. 4, and in Je! 
ferson county, the same number is applied to the Middle Kittannin 
coal. 

Other numbers are of course involved with these. The chief troubl 
arises from the dislocation of the series under the Tuscarawas rive 
divide, to which attention has already been called. 

It is not necessary to multiply examples, for it is already obviot 
that the system, as it now stands, is a hindrance and not a help to th 
proper understanding of the series. Nor would it be enough to reca: 
the system so as to remove the contradiction that now exists in regar 
to the Freeport coals. Such a scheme is possible. It would read : 
follows : 


Salineville Strip Vein .................:sssssessesesesscseceseeseneees „ No. 7a 
Upper Freeport Coal.............uussessssonsusonnnensaensnunenanennone No. 7. 
Lower Freeport Coal .......cc.cccccccses ssccscscsenscncescnsscsscasces No. 6a (or b) 
(Upper Kittanning Coal) .............cccccssscesscsccsceessncee sosee (No. 6a?) 
Middle Kittanning Coal .............csscessssesssracssecceccnscsscecss No. 6 
Lower Kittanning Cooal...............ssccsscssssccsssecses cesses scenes No. 5 
Upper Clarion Coal or Scrub Grass ...........cccccccccecceecons No. 46 
Lower Clarion Coal............csssccsssccccssccescescenee snes anonenene No. 4a 
Brookville Coal..........cccsssccscesccssscsccsnsescsccsscecccsens socees see No. 4 
Tionesta Coal............sessccscsccscccccnssessensccesssoss V ERRPFEPERRORRER No. 85 
Upper Mercer Coal..............sccccsssecoos soccecceerscssccsensees ene No. 3a 
Lower Mercer Coal.........cccscsscscsssscscscee scsscceccceccsseeccoees No. 3 
Quakertown Coal...... ... ccscccccscnscevece conscsces sossscceccecsoses No. 2 
Sharon Coal ..........0.cccccccccee scccccccessccccssscccss scenes sesseeses one No. 1 


_ But the objections to this have already been shown. It would | 
full of inconsistency and relative injustice, and would keep the erro 
which made it necessary in conspicuous sight so long as it should | 
maintained. It would moreover require changes in numbers througho 
our most important fields, and thus would be subject to the disadva 
tages of a reconstructed system without its corresponding gains. 

Two courses present themselves as practicable, viz., to ignore t 
use of numbers, and to adopt the local names of the Pennsylvania sea: 
so far as continuity can be proved or reasonably inferred, or to beg 
the numbering anew on the basis of present knowledge. The ser: 
would, according to these two views, be thus represented : 
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Brush Creek......ccc-cccccccsses svcscscescccceccsesccscscesssccncccscees 13 ccccccces XIII 
Upper Freeport ..........cccccsccscsccccccccse: scecscecsscescensocoes vo 1D ....c000. XI 
Lower Freeport........... oasoonsononnesneonnunnonnonsunnanunssannsnnne LL cn XI 
Middle Kittanning. ............csscscssscscsscccscescecessas cones. ons wo 10 wsccseees x 
Lower Kittanning ...........ccscsscscosssscsscscsenscsone cocccceces co D EPFFFFEPER IX 
Upper Clarion. ...........cccccscsccs cscensaccecsssescesscesssscecscnees B ncesseees voI 
Lower Olarion. .......cccccccccsssccsccenssccscccsseccscecccceoscosees wo 1 cevceeees Vil 
Brookville. ........ccccsescscccccessccseccccecscecccscecnccccececcceces nn BRPPRRFPFR VI 
Tionesta ...... 0.2000 ccccesceccees cece cocecccrcsccccensccscccecs sascneses oe ‚ ccccocees Vv 
Upper Mercer ............ zoossasssensasnonnennusnnsansesunnnnsnnnssnonen 4 EEE IV 
Lower Mercer..........00-sesecccsscccsvcce sennsnnennsnonansoonsnnunnennn B reccesece III 
Quakertown .........sccccccescccccccescsccessscecceces Tnnnsnsnnnunenenenne D aesoonune I 
Sharon: .......oenenoonnnunnusnensnuenunenensonenannsnonnenenzensananarnnsen l stescseee I 


By the use of the Roman numerals, as shown in the third column, 
numbers could be used, which in written form would be distinguished 
from the old series, but on the whole it is counted safe to adopt the 
Pennsylvania names, and they will accordingly be used in this report. 

An argument for their use can be found in the established rules of 
geological nomenclature. These names are first in the field. The name 
of a coal seam of great economic value ought to have as firm a tenure 
as the name of a sandstone ledge without economic value. If the name 
Mahoning sandstone is retained for a well-known stratum of sandrock, 
the name Freeport coal, for example, can scarcely be dropped from an 
equally well-known coal seam. Both are continuous by the same token, 
for the sandstone is the roof of the coal. 

But no system can be adopted that will enable us to dispense with 
synonyms. For'a long while to come, whoever writes on the coal seams 
of Ohio will be doomed to a wearisome repetition of synonyms, if he 
guards himself against being misunderstood. Many years must elapse 
before our geology can be freed from the confusion that has come into 
it through the premature application of numbers as the designations of: 
coal seams. 

This system of notation proved acceptable to the people at large, 
as is attested by its rapid spread ‘through all of our coal fields. Its 
scant list of numbers made it possible to apply them all in almost every 
district, so that the incongruities and contradictions of our geological 
literature are more than paralleled in the popular applications of the 
system. 

A system of designating the coal seams {having been adopted, a 
brief and general description of the Ohio coal field will be given, and 
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the several coal seams already named will also be characterized in gen- 
eral terms before the detailed examination of the various coal-producing 
districts of the State is entered upon. 


— 


THE OHIO CoaL FIELD. 


The Ohio coal field is the northwestern prolongation of the Appa- 
lachian coal field, which, with its outliers, constitutes by far the most 
important source of coal for the North American Continent. The area 
of the entire field is estimated approximately at 60,000 square miles. 
(59,105 square miles, C. H. Hitchcock, Ninth Census, U.S.) One-sixth 
of this area is estimated to belong to Ohio. (10,000 square miles, New- 
berry.) 

The whole field is one of remarkable symmetry and regularity, and 
of its several subdivisions, the portion belonging to Ohio and North- 
western Pennsylvania is the most symmetrical and regular. There is 
nowhere known a .more orderly series of coal measure deposits than 
those included in this territory. 


It is traversed by a few gentle folds, but these serve to did rather 
than to confuse the reading of the system. There is not throughout the 
Ohio field a fault worthy of the name, and there is no unconformability, 
except the slight amount due to overlap in the lowest portion of the 
series. The dip of the strata is so slight that it can be determined only 

by triangulation. The clinometer is a superfluous instrument in Ohio. 

| The physical side of the history of the growth of the Coal Meas- 
ures of Ohio is strictly in keeping with the same phase of the history 
of the underlying formations for several previous geological periods. 

At the beginning of Lower Silurian time, all of Ohio lay beneath 
that arm of the sea which was enclosed between the Appalachian border 
and the Canadian nucleus of the continent, and the dwarfed and 
shrunken representative of which we find in the northern portion of the 
Gulf of Mexico to-day. 

At the end of the Lower Silurian age, a low fold had entered the 
State at its southwestern corner, advancing from Tennessee and Kepn- 
tucky to the northeastward. It is known as the Cincinnati Axis. 

The gradual growth and extension of this axis are facts of funda- 
mental importance in the subsequent geological history of the State 
It was advancing slowly through Upper Silurian and early Devonian 
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time, but it suffered a partial relapse during the later Devonian period, 
in which the Ohio Black Shale (Huron of Newberry) was formed. But 
early in the Sub-carboniferous age it had made a great and permanent 
gain, and had transformed the western half of the area of the State 
into dry land. The Berea Grit, a Sub-carboniferous formation, which 
now extends in an unbroken wall from the Ohio valley to Lake Erie, 
through the central portion of the Stete, is as well-marked a shore line 
as was ever left by a retreating sea. 


The Cincinnati Axis had now become connected, virtually at least, 
with the northern continental nucleus, and the subsequent history of 
the eastern half of the State depends upon the joint advance of these 
land masses, the western and northern borders of the gulf. Both seem 
to have extended themselves in the same manner by a slow and nearly 
uniform rise of the border, accompanied by a corresponding movement 
of depression in front of the advancing land. The result was the 
gradual expulsion of the sea from this northern arm of the gulf, and it 
also followed that each new and well-marked shore line must be found 
interior to that which had preceded it. Thus, for example, the western 
outcrop of the Shenango sandstone, the Waverly Conglomerate of Ohio, 
which marks a shore line, and which belongs 300 to 500 feet above the 
Berea Grit, is found between 10 and 20 miles to the east, and south of 
the western outcrop of the Grit. In like manner the lowest coal seam 
was formed around the margin of a sea which had left those earlier forma- 
tions behind it. The later coals never extended over the outside 
margins of the earlier swamps. If there had been continued subsidence 
without this corresponding elevation during the growth of the coal 
seams, the later seams would occupy constantly widening areas, but the 
contrary is true. The outcrop of the horizon of the Sharon coal passes 
through a circuit of 13 counties, and its length, exclusive of the sinuosi- 
ties due to erosion, will not fall far below 275 miles. The outcrop of 
the Pittsburgh coal passes through 9 counties, with an approximate 
length of 175 miles.- At the time when the Sharon coal was forming, 
the area of the gulf in Ohio was not less than 10,000 square miles. In 
the time of the Pittsburgh coal, the area was reduced to less than 6,000 
square miles. 

All of the coal seams of Ohio below the Freeport horizon, and a 
number above, appear to have been formed as marginal swamps around _ 
the border of the sea. The earliest suggestion of this view seems to 
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have been made by Prof. J. J. Stevenson. It is now established that 
the coal vegetation grew where we find it. A coal seam is literally a 
buried swamp, a fossil peatbog. The facts illustrating this mode of 
. origin, for the Sharon coal in particular, have been set forth with great 
clearness by Newberry in his reports upon that seam. But there are 
equally convincing facts in regard to many of the other seams, all of 
the proofs, for example, that the sea was near at hand while these seams 
were growing. 

It is not an uncommon thing to find a coarse sandstone, and some- 
times a decided conglomerate, directly overlying a seam of coal. But 
strong currents would be required for the transport of this kind of 
material, and such as belong to the sea. 


The Mercer, coals, the Brookville coal in part of its Ohio develop- 
ment, and the Upper Clarion coal are all covered by marine limestones, 
charged with the various. forms of the life of the Carboniferous seas. 

These limestones very often come directly down upon the coal, 
making the roof of the seam. These facts certainly show that the sea 
was near at hand when the slight depression o¢curred that terminated 
the growth of the coal swamp. 


So also the presence of bowlders in the coal requires s the neighbor- 
hood of the sea to account forthem. There is in the Geological Museum 
of the State University, at Columbus, a bowlder of metamorphic sand- 
stone, apparently derived from the Cambrian rocks of the Appalachian 
border to the southward, that was taken from the thick coal at Shawnee, 
just above the second slate. The coal was normal in all respects above 
it. The bowlder weighs not less than 200 lbs. The surface of the 
‘-bowlder appears glaciated, and ice transport would seem almost a neces- 
sity for ‘such a block. But this would imply the near presence of the 

‘sea. The occurrence of bowlders in the body of the coal is rare, but 
there are several instances on record in Ohio geology. (See Report of 
Progress, 1870, p. 78.) 

The Freeport coals seem to have had a somewhat different history. 
Their limestones, as has been already stated, are not distinctively 
marine. They probably originated in fresh or at least in brackish 
water. They are charged with but one constant and characteristic 
fossil, and that is the almost microscopic form spirorbis. They may 
well be termed spirorbis limestones. But all the facts point to a fresh- 
water rather than to a marine origin for this fossil. 
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At this time the floor of the gulf seems to have been brought up 
nearly to the sea level over a wide area, and it seems probable that 
numerous islands appeared throughout this area. Around their shores 
as well as around a main coast line, the coal-forming swamps could 
grow. The instability and frequent interruptions of the Freeport coals 
can be understood from this point of view. They nowhere show the 
continuity of the lower seams. They occur in basins, and not in con- 
tinuous sheets, with a greater breadth of outcrop than the seams below 
them. They suggest an archipelago rather than a continental margin. 
But this period was terminated by the return of the sea in full force. 
The Mahoning sandstone, coarse and often conglomeratic, makes the 
roof of the Upper Freeport coal, and it is to the strong invading cur- 
rents that brought in the sand and pebbles of this formation that the 
frequent and often disastrous “‘ wants” are due, which occur even in 
the districts where this seam is at its best. 


These are theoretical questions, but they bear directly on practical 
and economic interests. The amount of :coal that the Ohio coal field 
contains turns, of course, upon the extent of the seams. If we see 
reason to believe that these lower seams originated in marginal swamps, 
with the sea near at hand, then of course we abandon the older view 
that the coal seams extend indefinitely towards the center of the basin. 
A breadth of a few miles, of a score or so, at most, would be all that 
could be reasonably expected for any such seam. The earlier and the 
later seams could no longer be looked for in the same section, and 
instead of concluding that the amount of coal, underlying any given 
county or town in the coal area, depends on its proximity to the center, 
and deepest portion ot the basin, it would be nearer the truth to make 
the amount of coal inversely proportional to such prozimity. In other 
words, we should expect to find the interior of the basin filled with 
“terrains mort”’—that is, with dead or unproductive rock. 


Almost all of the facts that have a bearing on the question seem to 
support the view that is here presented. 


Not only is there no instance known in the State in which the 
Sharon coal is mined under the outcrop of the Kittanning coals, for 
example, but there is no instance known in which the Sharon coal has 
been found of mineable thickness directly under a mineable thickness of 
the Kittanning coals. Not a year goes by which does not bring numer- 
ous testa of the facts involved in these statements in the shape of drill 
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records from various parts of the coal field, but so far the testimony is 
all in one direction. Claims are sometimes made of discoveries of the 
lower coal within the limits of these upper seams, but none have yet 
been substantiated. The 3-feet coal in the New Lisbon well, which 
has been by some supposed to belong to the Sharon horizon, cannot be 
below the Lower Mercer horizon. The heavy deposit reported from 
the Post Boy borings, south of New Comerstown, seems too impure to 
be taken as a representative of the Block coal, nor is the depth of the 
deposit what should be expected for this seam. 

No argument is made against the possibility of such overlap. The 
possibility is freely conceded, but the record of every new drilling in- 
creases the improbability of these desirable discoveries. The Sharon 
coal seems to have a heavier cover in Stark county than elsewhere, if 
the records of borings reported from there prove trustworthy. It under- 
lies the Putnam Hill limestone, according to Newberry, in the north- 
eastern part of the county. 

The Freeport coals have already been placed in a different group 
from the seams below them as to origin, and the fact of their wider 
horizontal distribution has been pointed out. It is the Lower Freeport 
coal that is found in the same vertical section with the Pittsburgh coal 
in the Steubenville region, and it seems probable tzat it is one of these 
Freeport seams that has been struck in the Pomeroy Salt Wells. Steven- 
son reports the Upper Freeport coal as the only Lower Measure seam 
to be found in the oilbreak of West Virginia. 

Furthermore, a coal seam can often be traced toward the interior 
of the field along some open valley, or by means of a series of test 
borings. In numerous instances such seams are found to suffer gradual 
reduction, or frequent interruption, or to completely disappear. The 
Kittanning coals furnish examples of these facts in the valleys of the 
Connotton, of Wills Creek, and of the Muskingum. They are traced 
in all of these cases until they seem verging toward extinction. 


THE Drip or INCLINATION OF THE CoAL MEASURES. 


The dip of the Lower Coal Measures has already been referred to, 
and the general fact that it is light has been stated, but a few additional 
facts as to this subject will here find appropriate place. 

As to the direction of the dip, the facts can be easily stated. In 
the easternmost counties of the Ohio coal field, it is nearly or in some 
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cases directly south. A westerly element comes in if we advance to 
the southeast into Pennsylvania, but as we pass to the westward through 
the Ohio Coal Measure counties, an easterly element of the dip is soon 
recognized. This element gradually increases, until on the western 
boundary of the field it often predominates over the southerly direc- 
tion, and sometimes completely extinguishes it. The dip of the Ohio 
Coal Measures is thus seen to range from south or nearly south upon 
the northern boundary of the field, to east or nearly east on the extreme 
western boundary, and its predominant direction is southeasterly. For 
considerable areas, the dip often proves quite constant, and here it is pos- 
sible to determine the elevation of a coal seam, for example, in some 
locality where it has not been opened, by calculations based on the dip 
of the seam, established on its known elevations in the vicinity. It is 
never safe, however, to trust absolutely to this method of determining 
the stratigraphical relations of a varied series, for the direction and 
amount of the dip are often found to change enough in short compass 
to vitiate any nice determinations founded upon them. 


The same inclination in direction and amount is shared by the 
formations that underlie the Coal Measures in the Ohio basin. This 
has already been stated, at least by implication, in the earlier pages of 
the chapter. Not only the Berea Grit and the other divisions of the 
Sub-carboniferous age, but the Devonian and Upper Silurian formations 
of Central and Southwestern Ohio as well are all characterized by this 
monotonous southeasterly dip. The steady elevation of the Cincinnati 
Axis seems adequate to account for it, the dip being at right angles to 
the general direction of this line of elevation. 


Reference has already been made to the fact that the Coal Measures 
of Ohio are traversed by occasional folds, low in elevation and gentle 
in pitch. Their direction is in the main the same as that of the Cin- 
einnati Axis and the Appalachian Mountain system, viz., northeast and 
southwest. They are generally referred to the time of the great 
disturbances that followed the Carboniferous age, and which raised so 
conspicuous a portion of the eastern border of the continent. These 
folds of necessity reverse or intensify the prevailing dip in their imme- 
diate vicinity, but they are after all folds in a series already inclined, 
and they scarcely break in upon the regularity of this inclination in the 
large way. The reversed dips which Newberry finds in the Tuscarawas 
valley and elsewhere are in many cases to be referred to the duplication 
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of the numbers 5 and 6 for the coal seams already pointed out. When 
the lines from which dip was to be calculated were run from the Middle 
Kittanning coal in the Tuscarawas or Connotton valleys to the Upper 
Freeport coal, as found at the southward, the two seams being counted 
identical, the 120 to 150 feet between them would of course do some- 
thing toward overcoming the true inclination of the series. Some of 
Whittlesey’s published triangles of dip are vitiated by his acceptance of 
the identity that was elaimed for the two coals known as No. 6. 

' Stevenson has pointed out several folds in Guernsey and Muskin- 
gum counties, but their pitch is light, and the series very soon resumes 
its normal inclination after they are passed. 

There is hardly a mine in Ohio from which the water inclines to 
run in any other direction than to the south and east. Sometimes a few 
acres will be found to lie nearly level, and many little rolls of the bat- 
tom will throw the water to the west or north for a time, but the main 
drains of all the large mines discharge to the southeast, wherever 
gravity is relied upon to accomplish the drainage. Only one or two ex- 
ceptions to this rule are known in the case of the large mines. The fact is 
of great significance in ita bearings upon the dip of the strata. 

As to the amount of the dip, it may be said that it is much more 
variable than the direction. Still the limits are not hard to fix. 

There are some points, and especially in Eastern Ohio, where the 
dip rises to 1°, which gives an inclination of 1 in 57 feet, or in other 
words, about 93 feet to the mile, but the usual limits are between 20 
and 40 feet to the mile. Throughout a considerable part of the Hocking 
Valley, for example, the dip is quite steady at an average of 27 feet to 
the mile, its direction here being about 65° east of south. 


Partines, Roor, FLOOR AND JOINTS OF OHIO CoaL SEAMS. 


There are some seams of coal in the Ohio scale that are found with- 
out partings or constant divisions of any sort. The Sharon coal through- 
out the State belongs, as a rule, to this class, and the Lower Kittanning 
coal in Muskingum and Perry counties furnishes another example. 
But by far the larger part of our coals have regular and often very 
persistent divisions in the shape of bands of shale, or fire-clay, or 
pyrites, or mineral charcoal. When the latter occurs in consider- 
able thickness, it is generally charged quite heavily with pyrites, 
and goes by the name of “black sulphur.” These partings are 
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often constant over wide areas in thickness, in composition and in their 
place in the coal seam. They divide the seam into well-marked 
benches, which are often sharply distinguished from each other in both 
chemical and physical properties. These benches often constitute, in 
fact, quite distinct coal seams. But even in the undivided seams there 
are in many instances considerable differencessbetween the different 
portions of the seam. 

Sometimes, however, the parting will gradually change its position 
in the seam as the latter is followed through a considerable territory, 
leaving much more or much less of the coal below it than where first 
observed. The thickness of these partings varies from a fraction of an 
inch to 2 feet, but in the large majority of our worked coals, they range 
from $ inch to 3 inches. They sometimes furnish the “bearing in” for 
the miner, and in most cases they facilitate his work in removing the 
coal so as perhaps to compensate for the extra labor that he is obliged 
to expend in separating them from the coal that is sent out. They 
furnish a considerable part of the “slate” that is so frequent a subject 
of dispute between operator and miner. They are often so characteristic 
of the seam in position and in composition that they go far to settle 
questions of geological identity. It will be found that considerable use 
has been made of these “ partings” in the subsequent pages of this and 
other chapters. They are generally shown under the title Structure of 
the Coal Seam. In addition to these regular partings there are many 
inconstant layers of shale or pyrites that occur anywhere in the seam. 

The roof and the floor of the coal are subjects of great economic 
interest in the working of any seam. In the Ohio field the normal 
cover of the seams is shale, and the normal floor or seat of the coal is 
fire-clay, but in the practical development of the field numerous excep- 
tions are found to occur to both these statements. While shale is the 
cover of every well-formed seam, less frequently, but still in the case 
of several quite wide-extended though not very valuable seams, a stratum _ 
of limestone makes the roof of the coal. 

The sandstone seldom descends to the coal without doing it damage. 
A deterioration of quality as well as of quantity in the seam is univer- 
sally associated in the minds of all who are practically acquainted with 
the subject with a sandstone roof. The coal is generally thinner, more 
impure, and of shorter grain, and thus harder to mine, wherever the 
sandstone comes down upon the coal. This descent of the sandstone 
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gives rise to one of the most serious interruptions and irregularities 
which the miner meets. The cual seam has often been carried away in 
large part or entirely by the intrusive currents or streams that brought 
in the sandstone, and the miner is either obliged to cut long passages 
through the solid rock to reach the coal that lies beyond, or else to 
make expensive detogrs for the same purpose. These intrusive sand- 
stones are termed horsebacks in mining parlance. There are several 
seams that are especially liable to trouble from this source. The-Upper 
Freeport coal, for example, has suffered great violence and loss at the 
hands of the Mahoning sandstone. 

A firm sandstone, separated by a few feet of shale from the coal, 
givee the most advantageous roof. 


The character of the intervening shale is a matter of great conse- 
quence as regards both the economy and the safety of the mine. Some 
shales slake in such a way when the air reaches them that they cannot 
be held up by posts. -They give way and crumble from around the 
post. Others can be held up without difficulty as long as is desired. 
It sometimes happens that it is most economical to leave the uppermost 
bench of the coal as a roof. A black slate often makes an excellent 
roof. Where there is no sandstone or other firm rock above the coal, 
we find the “bad roof” that complicates the task of the mine engineer 
in many of our fields. The cover of the Pittsburgh coal, and also of 
the Bellaire coal in Eastern Ohio, are examples of this sort. The 
entries of mines worked in these seams are kept up largely by timbering 
while the rooms “fall shut” as soon as they are left. 


The floor of a coal seam is, as has been already stated, normally 
fire-clay, but there are numerous exceptions to this order among our 
Ohio seams. The Sharon coal in some portions of the Massillon field 
is often underlain by a foot or two of a hard rock, comparable to the 
ganister that makes the seat of some of the English coals. The pick 
brings fire with every blow. The Pittburgh coal of Belmont county 
has for the most part a black slate floor, and no fire-clay. The Diamond 
seam at Linton has no fire-clay. A layer of cannel makes the floor of 
the main coal here, and cannels, as Newberry and others have shown, 
are, as a rule, without underlying clays. 

The amount and quality of the fire-clay floor is connected in im- 
portant ways with the economical working of a coal seam. Some clays 
will slake as the air reaches them, “throwing the track” by their 
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expansion, and interrupting the drainage. The whole working of the 
seam may be affected by this one condition. If the clay has this 
tendency to “creep,” the coal must be mined in small rooms. When 
workings are abandoned, they are soon closed by an apparent rise of 
the floor. The size of the pillars, left to maintain the entries, depends 
on the bottom almost as much as upon the.cover. When the bottom is 
solid, from the clay -being thin or wanting, the pillars and ribs are 
greatly reduced in section. Two or three yards square are now adequate 
to the work for which 8 or 10 yaids are required under other conditions. 
These facts have a very important bearing on the amount of coal that 
can be taken out of the mine. 

“Clay veins,” one of the most serious drawbacks to mining in many 
fields, are connected with, and proceed from the fire-clay floor. They 
seem to have been formed in the earlier stages of the history of the coal 
seam, by some inequality of pressure or resistance, whereby the bottom 
clay was forced in thin sheets through the hardening coal, destroying 
its continuity, and contaminating it with foreign matter. The “grain” 
of the coal is often affected for a number of yards on both sides of these 
“spars,” as they are termed. The miner is thus made aware of their 
proximity some time before they are reached, by the unkind working of 
his coal. None of the seams that are extensively mined are without 
clay veins, but some are confused and interfered with by them much 
more than others. The disturbance will often be localized in a small 
part of a single field. 

The “grain” of the coal is but another name for the dividing 
planes or joints that intersect it. Coal, as is well known, furnishes an 
excellent illustration of joints, a phenomenon common to all rocks. The 
system is particularly clear in our bituminous coals. 

The leading or master joints make the “face” of the coal; the 
secondary joints are called the “ends” or “butts” of the coal. These 
joints the engineer expects to follow in opening the mine. The entries 
are either “face” or “ butt” entries, as a rule, and the coal is then said 
to be worked “‘ on the square,” but sometimes, owing to the topography 
or boundaries, the entries are run “ quartering.” The miner’s work is 
greatly facilitated by following the faces and ends of the coal. The 
directions of these joints are quite regular for large areas. In Ohio the 
main joints or faces of the coal, as indeed of all the other rocks of the 
scale, bear a few degrees east of north. The “ends” are apy roximately 
at right angles to the face. 
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In some of our coals, especially in the Massillon field; the joints, 
though well defined, are close and do not readily release the coal, and 
consequently a larger proportion of powder is used here to free the coal 
than in any other Ohio field. The miner often calls these planes of 
division the “slips” of the coal. 

When for any reason the regularity of these joints is interfered 
with, the “grain” of the coal is said to be “short,” or “ crooked,” or 
“curly,” and generally the labor of mining is increased, sometimes to a 
notable extent, by such irregularity. 

When the main joints are well developed, and the secondary joints 
less perfectly, we have a “long-grained” coal. This term is also used 
for slaty or inferior coal in some parts of the field. The Upper Free- 
port seam gives a good illustration of the former case throughout 
Eastern Ohio. Its faces are bright and clean, and the coal splits 
naturally along them in blocks from 6 to 18 inches thick, but the end 
joints, though present, do not so thoroughly. divide the coal, and the 
consequence is that we have the approximately monolithic structure 
that characterizes the leading fields of this coal, viz., Salineville, Dell 
Roy and Cambridge. The coal tends to mine in oblong rather than in 
cubical blocks. | 

- More detailed statements will be made upon these topics in connec- 
tion with the description of the different seams, and especially in the 
chapter upon the mining of coal. These condensed and general state- 
ments are necessary to make the accounts of the several! fields readily 
intelligible. 


CLASSIFICATION OF OHIO COALS. 


All the coals of the Ohio series belong to the bituminous division, 
but they are further divisible into three well-marked groups, viz.: (1) 
Open burning coals; (2) Cementing coals; (3) Cannel coals; the first 
two of which are sometimes termed cubical coals. 

Newberry describes these divisions as follows (vol. II, pp. 
122-3—4) : | 

“ The first variety enumerated includes those that do not coke and 
adhere in the furnace, and such as can be used in the raw state for the 
manufacture of iron. They have generally a distinctly laminated struc- 
_ ture, and are composed of bituminous layers, separated by thin parti- 
tions of cannel or mineral charcoal, materials which do not coke. 
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Hence, the bitumen in them, relatively small in quantity, is held in 
cells, and cannot flow together so as to give the mass a pasty, coherent 
character. In Ohio the lowest stratum of this series . . . is gen- 
erally a furnace coal. As it occurs in the Mahoning Valley, it is a type 
and standard of the class to which it belongs, and is one of the best 
furnace fuels known. . . . . Coal No.6 . . . has locally this 
open-burning character.” 

“The second class or cementing coals are such as have few parti- 
tions, but show upon fracture broad surfaces of pitch-like bitumen. 
These, to a greater or less degree, melt or aggultinate by heat, forming 
what blacksmiths term a hollow fire. This property causes them to 
choke up the furnace, and arrest the equal diffusion of the blast through 
the charge; hence, they cannot be used in the raw state for the manu- 
facture of iron, but ‘must be coked. This process of coking consists in 
burning off the bituminous or gaseous portion, which leaves the coal in 
the condition of anthracite, except that as this change is effected with- 
out pressure, the resulting material is cellular and spongy. Coals of 
this character when free from sulphur, their great contaminating im- 
purity, are used for the manufacture of gas, the volatile portion driven 
off in the retorts serving the purpose of illumination, while that which 
yet remains, is coke, and may be used as fuel. By far the greater por- 
tion of our coals are of the coking variety. . 

“The cannel coals are more compact and homogeneous in texture, 
and contain a larger percentage of volatile matters than the others; 
also, the gas they furnish has higher illuminating power; hence, they 
would be used to the exclusion of all others for the manufacture of gas, . 
but that the coke yielded by them is of inferior quality. They are, 
therefore, chiefly employed as household fuel, for which they are specially 
adapted, and in small portions for enriching the gas from inferior 
varieties.” 

To these statements it may be added that the last-named division 
has but very little economic value in Ohio at the present time. In 
working the regular coal seams, small deposits of cannel are sometimes 
struck, which take the place of a part or even of the whole of the seam 
for a limited extent. When thus situated, an effort is often made to 
dispose of the cannel that is obtained in this way, and a little of it is 
occasionally pushed into the market, but there is no regular and reliable 
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demand for Ohio cannel at the present time. There are several con- 
siderable deposits that are known in the State, but not one of them is 
now worked on its own account. . 

The division between the open-burning and the cementing coals of 
the State is to a certain extent a geographical one. From Perry county, 
southward and westward, all of the coal that is now mined is open- 
burning, except the product of a single mine. From the same boundary, 
northward and eastward, nearly all of the coals, with the exception o! 
the Sharon seam, belong to the cementing variety, though many of them 
possess this property in but a moderate degree. 

The. differences between these several classes’of bituminous coals 
are not shown in the results of chemical analysis. In other words, a 
knowledge of the chemical composition of a coal does not enable us to 
refer it to one or another of these several varieties. As a rule, the can- 
nels range higher in ash than the cubical coals, but among the latter 
there are very many gradations in this respect. There is no known 
relation between the amount of volatile matter in a coal and the coking 
property, whereby a coking coal can be separated from an open-burning 
coal on the grounds of analysis alone. 

It has been suggested that the coking or open-burning properties 
of coals are dependent upon differences in the vegetation from which 
they are respectively derived. The suggestion is plausible and interest- 
ing, but such connections have not yet been demonstrated. 


CoMPOSITION OF OHIO COALS. 


The results of chemical analyses of Ohio coals, as ordinarily stated, 
comprise the following elements, viz. : 


Fixed carbon. 

Volatile combustible matter. 
Moisture. 

Ash. 

Sulphur. 


FP SP m 


The first two elements are those upon which the value of the coal 
depends, and the terms by which they are designated go far to explain 
themselves. The fixed carbon is the part which remains after the coal 
has been raised to a bright red heat; the volatile combustible matter is 
the part which escapes as gas under the above named condition, the 
moisture of the coal having been previously expelled. While the 
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amounts of the several chemical elements and compounds in any coal 
are, of course, a definite quantity, the amounts reported in analyses as 
fixed carbon and volatile matter depend to a certain extent upon the 
details of the methods used in determining them. The method used by 
the Chemist of the Survey, Professor N. W. Lord, gives somewhat 
lower figures for the fixed carbon of our coals than those that have been 
generally accepted hitherto. A synopsis of the methods employed will 
be found in a later portion of this volume. 

The remaining substances reported in our analyses are moist- 
ure, ash and sulphur. While ‘these substances are never absent from 
coal, they are found in it in very different amounts, and, speaking 
generally, any increase in proportion above the lowest figures that are 
‚found, is to be counted as a detriment and drawback in the ratio of 
such increase. But even here the results af analysis cannot be used as 
an absolute guide in determining the value of any particular coal. 
Other things being equal, the smaller the amount of ash, sulphur and 
moisture, the better the coal, but the saving clause is of wide extent 
and application. The physical. character of the coal is involved in it, 
and it is often true that firmness and tenacity in a coal will more than 
compensate in the general judgment for some inferiority in composition. 

Chemists are not entirely agreed as to the proper method of 
determining the absolute efficiency of a coal. The result of many 
determinations has seemed to make the heating power depend upon the 
fixed carbon alone, but other experiments are construed as proving that 
the heating power is proportioned to the total amount of carbon of the 
coal, that of the volatile matter being included with the fixed carbon. 
It is no doubt true that the amount of fixed carbon in a coal furnishes 
an approximate gauge of its absolute heating power. 

There are few coal mines in the State in which good specimens of 
coal cannot be found, and there are none that do not contain some coal 
of inferior quality. The instances are very rare in which the quality of 
an Ohio mine can be safely determined by the analysis of a single, so- — 
called average specimen. But many of the analyses now current were 
made from single pieces, and often from small ones at that, selected to 
show the very best quality of the mine. The results of such analysis 
are, a8 a rule, altogether too favorable, and they are not to be depended 
on for practical guidance. They naturally represent the best portions 
of their respective seams, but for practical service, a knowledge of the 
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worst part of the seams would often be more valuable than a knowledge 
of the best. The average is what is demanded for practical guidance. 

Two plans have been followed in selecting samples for the analyses 
to be here reported. In one of them, the aim has been to secure a 
‘representation of the seam just as it is mined, by taking a cubic inch or 
less of coal from every inch of height of the seam, the partings and 
other rejected portions being, of course, omitted. 

It can be urged against this method that the seam is sampled at 
but one point, and that but one room is in reality tested. This is true, 
and analysis of the coal from other rooms of the mine will often vary 
considerably from the results obtained, but the aim has been to take 
the samples from rooms where the coal is approved, and as a conse- 
quence, the figures published will be somewhat more favorable than the 
total output of the mine would deserve. 

In,one instance, an unexpected result was reached. Three sets o! 
samples were taken, one of the whole seam, sampled as above described, 
one of the general output by the method next to be given, and one of a 
block selected by the manager as the best coal of the mine. The first 
set of samples showed the best coal, and the selected block was the 
poorest of the three. In selecting the samples for the first result, all 
the slaty partings that were said to be rejected by the miners, were 
thrown out, but it is probable that in the general output a good many 
remain. The inferiority of the selected sample only shows how little 
reliance can be placed on even a well-trained eye in estimating the 
nicer points of quality in a sample of coal. 

The second plan was to take samples from the bank cars as the 
coal came out, or from the loaded railway cars, the specimens being 
taken from a large number of blocks, never from less than 50 blocks 
and often from as many as 100. This method was counted on the whole 
most satisfactory, and was used in a great majority of instances. 


In any case, to fairly determine the average composition of & 
particular coal seam, or of a particular mine is a more laborious under- 
taking than we have been wont to consider it. A single analysis o! 
any sort does not go far towards determining it, but least of all is i 
trustworthy when the sample analyzed is the best that the mine pro- 
duces. 

A necessary result of these methods of selecting the samples ha: 
been to show a considerably larger proportion of ash and of sulphur i 
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our coals than has been charged to them hitherto. The results thus 
obtained can be fairly compared only with each other, or with analyses 
made on the same principle eleewhere. Great injustice would be done 
by setting the composition of nicely selected and exceptional samples 
over against these general averages. But the method has justified itself 
in various ways; especially, it has revealed for the first time, an 
individuality on the part of several of our leading seams, as far as 
chemical constitution is concerned. There is shown to be a normal 
composition for each of these several seams that ie as constant and as 
widely extended at least as the physical characters by which it is 
distinguished. For example, the two coals that are known in our 
geological reports as No. 6, viz., the Middle Kittanning and the Upper 
Freeport, are clearly distinguishable from each other throughout Eastern 
and Central Ohio on chemical grounds. The fixed carbon of the former 
seam does not rise to 50 per cent. in a single instance in all the analyses 
that have been made of the seam between Mahoning and Perry coun- 
ties, while the same element in the Upper Freeport coal of the same 
territory does not in one instance fall as low as 50 percent. The 
average of the latter is 53 per cent., and of the former 48 per cent. The 
volatile matter of the Middle Kittanning seam in the same district does 
not in one instance fall below 40 per cent., while in the Upper Free- 
port coal it does not once rise to 40 per cent. 

All of the facts bearing on these points will be made apparent in 
subsequent pages of this report. 

The amount of water in our coals varies between 2 and 9 per cent., 
but a few examples will be found that fall below the smaller limit. 
The largest regular percentage of water is found in the excellent coals 
of Jackson county. There seems to be quite a constant proportion in 
particular coals, making a characteristic feature. 

As to ash and sulphur, but few general statements can be made. 
The detaile of analysis must be studied to obtain the significance of 
these important elements in our several coals. The percentage of 
sulphur falls below 1 per cent. in our best coals, ranging between .6 and 
1 per cent., but in many seams that are still highly esteemed for varied 
uses, it rises to 3 per cent. and upwards. In comparatively few does the 
average fall below 2 per cent., and some coals are used that contain — 
7 per cent. 

There is but little coal in Ohio markets that yields less than 4 per 
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cent. of-ash. The products of some of the choicest mines will fall to 2 
per cent., or even to 14 per cent., but there is ho district that can live 
up to this rate. The average ash of the best coals that + supply the State 
at present exceeds 5 percent. __ 


Uses oF Onto COAaLs. 


_ A few general statements as to the chief uses of Ohio coals will be 
given here, in order that the detailed statements that follow may be 
seen in their proper light. 

The following list shows their more important applications: 


1. Household use. —Grates, stoves, furnaces. 
2. Steam production. In stationary’ engines, 
8. Iron smelting coal. 

4. Coke manufacture. 

5. Rolling mill fuel. 

6. Gas making. 


1. For household use there is no fixed and common standard. 
Widely separated varieties are used with apparently equal acceptance 
in different sections of the State. The rich, cementing coals of the 
Pittsburgh district have long been the chief supply of the Ohio Valley, 
and here they hold their ground against all competitors. 

The open-burning coals of the Mahoning and Upper Tuscarawas 
Valleys are the standard fuele of Northern Ohio. Through Central 
Ohio, several distinct varieties have each the decided preference in as 
many distinct fields. The most accessible coal will generally be used 
by each section, and acquaintance with the character of this particular 
fuel will often lead to its being retained, even when competing coals of 
intrinsically higher, though different quality, reach the market. 

There are, however, some general considerations by which the 
degree of adaptability of our several coals to domestic use can be determ- 
ined. For this, as indeed for all other uses, low percentages of ash and 
sulphur (pyrites) are desirable, as it is to these elements that the produc- 
tion of “clinker” is due. It must also be free from slate and “ bone.” 
Furthermore, the coal must ignite easily, and still must hold the fire at 
least moderately well. A fairly high percentage of carbon is of course 
necessary. The less smoke and soot it makes in burning the better 
In addition to these points, its physical properties must also recommend 
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it. It should be clean and bright, and it should also have strength 
enough to bear all necessary handling without excessive breakage. 

According to such a standard, the coal of the Sharon seam, and 
especially in the Massillon district, would be entitled to the first place, 
but it would be followed close by several other coals, There are many 
large coal fields, and some entire seams that make no attempt to enter 
this market. 

2. High quality in a coal will tell upon its efficiency in the pro- 
duction of steam as promptly and certainly as in any other use, but 
poorer quality is less objectionable and offensive here than elsewhere. 
Chemical and physical properties that would wholly exclude a coal from 
certain of the higher uses may not interfere with the wide and accept- 
able use of the same coal in the production of steam. A coal that 
mines small, or that is too tender to bear handling, is ruled out of the 
market for domestic use, but such points count little or nothing against 
it as a steam coal at the present time. Both locomotive and stationary 
engines have been lately adjusted so as to suceessfully use the smaller 
grades of coal, nut, pea, and even slack. The yard engines of many 
railroads, and the freight engines of some, do all their work on pea coal 
and slack. This great saving of fuel, often derived from the best part 
of the seam and entirely lost hitherto, is a matter of great importance 
to the coal fields and the State as well. 

The “strength” of the coal, or its absolute heating power, seems a 
matter of more consequence in a steam coal than the nicer points of 
composition. . 

All the coals of the State, from the purest and best, to the seams of 
lowest quality, do duty «s steam coals, but there are some seams that 
are practically limited to this service. The Upper Freeport coal is an 
example of this class. It is one of the most important seams of the 
Coal Measures, but every year fixes its character more definitely and 
exclusively as a steam coal. Its high percentage of fixed carbon 
. ensures its efficiency, and its tenderness under handling works less 

against it here than in most other applications. 


Open-burning and cementing coals are used promiscuously by the 
same railroad often, but probably not without some disadvantage. Each 
coal has its own behaviour on the grate-bars, and each gives better 
results when treated in one way than in other ways. The neglect to 
study and recognize these “ personal equations” of the different seams, 
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vitiates or even nullifies many of the practical tests to which the coals 
are subjected. Unless each coal has been so treated as to ensure its 
best results, the so-called test is unfair and deceptive. One locomotive 
engineer will complain of a coal that it “smuts the flues.” Another 
will use coal from the same mine without experiencing the slightest 
tendency to this trouble. 

Ash, sulphur and slate that tend to run on the grate and form 
“elinker,” or that accumulate so as to deaden the fire, are the elements 
that are most obnoxious in our steam coals. 

3. For blast furnace use, only the best and purest of our open- 
burning coals are available in the raw state. There are four fields from 
which such coals are taken, viz., the Mahoning Valley, the Massillon 
district, the Hocking Valley, and the Jackson county district. The 
first of these regions has furnished the type and standard of this class 
of fuels hitherto, but its day of service in this field has gone by, and it 
is now almost entirely displaced on its own ground by the great iron 
making fuel of the Ohio Valley, Connellsville coke. The Massillon 
coal has not as happy an adaptation to this use as the coal already 
named, and has never been applied to iron making in the large way. 
But very little of it is used in furnaces at the present time. 

The Hocking Valley coal in its best phases is well adapted to iron 
manufacture, and a great and growing industry is already established 
upon it in this connection. 

The two seams of Jackson Court House and vicinity, viz., the Shaft 
coal and the Hill coal, are both largely and successfully used in the 
furnaces of the district to which they belong. 

4. There is but one field of the State in which coal is mined 
expressly for coking. The small coal and slack of several districts go 
to the coke ovens, but in Leetonia alone is the whole product of the 
mines brought to the ovens.* This is the only coke now made in Ohio 
that is used in iron smelting. The Shaft coal of Steubenville has been 
largely used in this way in the past, but it, too, has succumbed to the 


superior quality and lower price of Connellsville coke. 
The coke now made in the State is chiefly manufactured from the 


small coal and slack that accumulate in mining. The impurities of the 
seam are often gathered here in large amount, and the coke that results 
shows their presence by excessive ash and sulphur. These cokes are 


* The Hammondsville Strip Vein is mined for coking also, but the output is insignificant. 
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used to but small extent in foundries, and find their main applications 
in heating purposes where quality is not essential. The use of these 
waste products in this way is an important step in the line of fuel 
economy, a topic which our coal producers are just beginning to con- 
sider. 

The seams used for coking are especially the Freeport coals and 
the Pittsburgh. No successful manufacture now exists in any other 
seam, in fact, except in the two cases already noted of the Lower and 
Middle Kittanning coals, at Leetonia and Hammondsville, respectively. 

5. The requisites for a good milling coal are quick combustion, 
with plenty of flame, together with as much purity as can be secured. 
The Brush Creek coal, the Freeport coals, and the Kittanning coals 
furnish the chief supply. Each of these several seams does good service 
at some point or other in its development. 

The Salineville Strip seam (Brush Creek coal), the Steubenville 
Shaft seam (Lower Freeport), and the Leetonis coal (Lower Kittan- 
ning) all enjoy excellent reputation as milling coals. The Pittsburgh 
and the Upper Freeport seams are also considerably used. The Block 
coal of the Mahoning Valley is highly esteemed for this use wherever 
the price at which it can be afforded allows it to be used. 

6. For gas making, our native supply is not drawn upon to any 
great extent outside of the State boundaries. Within these limits 
several seams are used with a fair degree of acceptance. The Hocking 
Valley coal furnishes by far the largest supply for this purpose. The 
inferior quality of the coke produced puts them all at a disadvantage 
when compared with the Pittsburgh coal. 


PREPARATION OF CoAL FOR MARKET. 


Almost all Ohio coal is sorted and cleaned by a process called 
screening, before it is brought into market. All that is used for 
domestic purposes is treated in this way, also all that is used in iron 
making. Until quite recently, all railroad fuel has also been screened. 
A large proportion of it is still prepared in this way, but there is a 
growing tendency on the part of railroad companies to either use the 
coal as it comes from the miner’e pick, which is technically known as 
the “ran of mine,” or else to throw together two or more of the several 
grades of coal that have been sold separately hitherto. 

There are two grades of coal supplied by almost all mines, and 
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three grades from many. These are respectively designated lump o 
round coal, nut coal, and slack. The first commands the highest price 
the last is often valueless, but within the last few years, the slack « 
certain seams has come into demand for various purposes, and a larg 
quantity is now finding its way to market. From the slack is als 
derived the grade of coal called pea coal, which a few mines ar 
furnishing. 

The process of screening consists in passing the coal as it come 
from the bank cars over one or more inclined screens on its way to th 
cars, boats, or wagons by which it is to be transported to marke 
There is no general system in force in the process of scieening. Th 
length and width of the screens, the angle or pitch at which they a: 
placed, the space between the bars, the width and shape of the bars, a 
these vary between wide limits in the different portions of the fiel 
and even in different mines in the same district. The miner is paid i 
most of the districts on that portion of the coal only that passes ov: 
the screen, or in other words on lump or round coal, which is also calle 
clean coal. The varying characters of the seams, the differenc 
between different mines in the same seam, and different portions of th 
same mine, all these elements combine with the facts already noted : 
to the varying dimensions of the screens to make the question of wag 
for mining a complicated and troublesome one. The screens are 
fruitful source of discord between the mine operator and the miner. 

There is a rapidly growing appreciation of the second grade of tl 
coal product, i. e., the nut coal. This grade results quite largely fro: 
the operation of “bearing in” upon the coal seam, or undermining i 
In a large number of instances, the best portion of the seam occurs | 
the “bearing in” bench, and thus the nut coal often contains tl 
choicest fuel that is produced from the seam. The lump coal mu 
generally be reduced to smaller size before it can be used, but still tl 
popular demand has hitherto been for large coal, and great quantities 
the smaller sizes have been utterly wasted. The arrest of this wast 
and the bringing into use of all the products of the mine are steps | 
great interest to the State at large. 

The nut coal is run with the slack in some , fields, enriching th 
latter element so as to make it a fully marketable product, which sti 
goes under the name of slack. 

Within a few years, two new departures have been made in the di 
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position of the slack in several districts. In some the slack is sifted or 
washed in revolving screens, by which the dust is removed, and the 
resulting fuel is known as pea coal. This finds market for use in 
stationary engines, and for other like purposes. The second of these 
new methods consists in coking the slack. Mention will be made of 


both processes in connection with the several districts in which they 
are used. 


The statements here made are sufficient to render intelligible the 
details that will be found in subsequent pages upon the points involved 
in this brief discussion. 


PROPORTION OF CoaL Lost In MINING. 


This very important subject is directly connected with and depend- 
ent upon many of the points that have been already treated, but no 
proper nor profitable average can be given as to the results of coal 
mining in Ohio at the present time. The proportion of the coal gained 
in mining is increasing in most districts of the State, owing to better 
methods of mining, and better demand for the smaller coal. The em- 
pirical rule that gives 1,000 tons of coal to every acre for each foot in 
thickness of the seam, doubtless expresses the actual result in a large 
number of instances, but better figures are now obtained in many sec- 
tions, as will be hereaftes shown, and far better results are certainly 
attainable in almost all of our districts. 

The specific gravity of our coals ranges for the most part between 
1.24 and 1.34. Assuming the mean, or 1.29 as the average, and this 
figure is very near the truth, every acre of such coal will contain for 
each foot in thickness 1,752 tons of 2,000 lbs. The miner’s estimate, 
as embodied in the rule above referred to, shows that he is content with 
securing four sevenths, or a little more than half, of the coal that the 
seam contains. The best foreign practice is far in advance of such 
results, In the Bristol coal field of England, it is calculated that 1,500 
tons to the foot are won for each acre, the entire loss in mining being 
reduced to one-tenth of the seam. The best practice that is fairly well 
verified in Ohio gains two-thirds of the coal, and the cases in which 
this is done are very rare. More than this is claimed in many mines, 
but it is probable that, if examined, such claims would be found to be 

untenable. 
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GENERAL CHARACTERISTICS OF THE SEVERAL COAI 
SEAMS. | 


1. Tor SHARON CoAL. 


Synonyms.—Coal No. 1, Block coal of Mahoning Valley, Brier Hill coal, Maazillo. 
coal, Wadsworth coal, etc., Jackson Shaft coal ? 


This seam as sit occurs in Northeastern Ohio has been quite full 
described by Newberry, and all of its chief peculiarities have receive 
mention. (Rept. of Progress, 1870, pp. 26-27-28. Geol. of Ohio, vol 
II, pp. 182-133-134; vol. III, pp. 139, 140, 157 et al.) 

It is the lowest of the workable coal seams of the State. Wher 
the Sharon Conglomerate occurs in the same section with it, the cos 
lies but few feet above the conglomerate, and where the latter is want 
ing, the coal rests directly upon the Waverly group. Its normal cove 
is the Massillon or Lower Connoquenessing sandstone, the second sand 
stone of the Conglomerate series. From this it is generally separate 
by 10 to 20 feet of ore-bearing shales, the Sharon shales of Pennsyl 


vania. 
It always lies upon an uneven floor,‘in basins of comparativel 


small extent. The area of but few of these basins reaches 200 acres 0 
unbroken coal, but in a few instances larger bodies have been found 
Where the seam has had good fortune, its thickness ranges from 4 t 
6 feet. It occasionally gains a foot upon these measurements, but | 
does not hold the increase long. It is everywhere a seam of “swamps 
and “hills,” the latter rising 20, 30, or even 40 feet above the lowe 
and more productive portions of the seam. In ascending these hill: 

the coal rapidly loses height as a rule, and frequently entirely dis 
"appears. 

The seam, at its best, is of high quality. It is, in fact, the standar 
of quality among the open-burning coals of the northern Appalachia 
field, and it commands a higher price in all the markets that it reache 
than any other coals of the same class. But there are not only distinc 
varieties of it in the several divisions of the field, as for instance, th 
Youngstown, Massillon, and Jackson districts, but even in any on 


THE LOWER COAL MEASURES. 157 


field, as the Youngstown region, there are many gradations in quality. 
Relatively poor coal—that is, coal high in ash and sulphur—goes to 
market under the name of Block coal, and sells for a higher price than 
the Hocking Valley coals, for example, the best of which are nearly 
equal to the best of the Block coals, and which, taken as a whole, are 
far better than these poorer varieties of this lower seam. 

The Sharon coal is mined in the following named counties, which 
constitute the northeastern corner of the coal field of Ohio, viz., 
Mahoning, Trumbull], Portage, Summit, Stark, Medina, and Wayne. 
In Southern Ohio, a single field of small extent, in Jackson county, is is 
referred to the same horizon. 

The acreage of the seam is, however, small, and a considerable part 
of it is already exhausted. The northernmost area, viz., the Mahoning 
Valley, is verging to exhaustion. The Massillon district has probably 
not yet attained its highest development, though most of the first and 
best known mines have been mainly worked out. 

The better coals of the seam contain between 52 and 56 per cent. 
of fixed carbon. The volatile matter varies between 35 and 39 per cent. 
The ash is variable, but the average will not fall below 5 per cent. 
The amount of sulphur is a little less than 1 per cent. 


2. THE QUAKERTOWN COAL. 
Synonyms.—Coal No. 2, Wellston coal? Jackson Hill coal? 


This seam can scarcely be said to deserve a name or place in the 
Ohio column. Of the 33 counties in the State in which coal is mined, 
there are but a few square miles in a single county in which coal is 
actually worked in the large way at this horizon. Even here, the claim 
is not altogether free from question, but it seems probable that the 
Jackson Hill or Wellston coal is the proper representative of the 
Quakertown seam of the: Mahoning Valley. The Wellston coal ocou- 
pies a small area near the center of Jackson county, but though em- 
braced within narrow limits it is a seam of great value. It contains 
less ash than any other coal found in the markets of the State, and in 
all respects it stands approved as a fuel of great excellence. It is always 
high in moisture. 

The Elk Fork coal of McArthur is probably the equivalent of the 
Wellston seam. It is not now worked, but several openings have been 
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made in years past, and an excellent character for the seam established. 
There are many traces of a coal seam between the horizon of the Sharon 
coal and the Lower Mercer coal throughout this portion of the State, 
but it is very rare that a thickness suitable even for local mining is 
found. In Hocking and in Perry there have been opened at one time 
or another a few local banks, but none of them are kept open at the 
present time. 

The Strawbridge Cannel of Holmes county has been referred to 
this horizon by mistake. This seam is on the Upper Mercer horizon. 

The horizon of the Quakertown coal is 75 to 100 feet below the 
Lower Mercer limestone, which would place it 50 to 75 feet above the 
Sharon coal. The interval in Jackson county are greater than this. 


3. THe Lower MERCER COAL. 


Synonyms.—Ooal No. 8, Coal No. 2, of Mahoning county, the Blue Limestone coal, 
Flint Ridge Cannel, etc. 

This seam has a distribution coextensive with the margin of the 
Coal Measures in Ohio, but its value is not proportioned to its extent. 
Though occurring in 13 counties of the State, and though belonging to 
one of the most conspicuous and best-known horizons of the Coal 
Measures, it is worked for railroad transportation in but a single county, 
viz., Mahoning, and here in but a single small mine. It is but very 
sparingly mined even for neighborhood use throughout the State. In 
Holmes county a single mine is opened and worked in this seam. It 
Hopewell township, Muskingum county, there are a number of mines 
opened, that meet quite a large local demand, and in Hopewell town- 
ship, Licking county, the well-known Flint Ridge Cannel represents 
the horizon. 

Many attempts have been made to mine this seam in Perry, 
Hocking, and Vinton counties, and several neighborhood mines are 
now in operation in the two last-named counties, but all attempts tc 
find a coal at this horizon that can compete in the general market with 
approved fuels have proved unsuccessful. The most persistent and 
expensive undertakings of this kind have been made along the line of 
the Marietta and Cincinnati Railroad, in the neighborhood of Zaleski. 
Where the seam has thickness enough to warrant mining, it is too im- 
pure to find sale. 

There is no general character of the seam throughout the State 
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aside from the fact that it is always an open-burning coal. As to amount 
and color of ash, as to percentage of sulphur, as to the structure and 
thickness of the seam, no general statements can be made. Many seams 
of coal seem to have a normal thickness, which is probably related to 
the duration of the period in which their materials were accumulated. 
Wherever the seam has had good fortune, this thickness is attained, but 
there are no such facts apparent in connection with the Lower Mercer 
coal. Its thickness in one locality gives no warrant for opinion as to 
what its thickness will be in another. 


4. THe Upper MERCER COAL. 


Syxonyms.—Coal No. 3a (sometimes Coal No. 4), Coal No. 8, or Bruce coal of Mahoning 
county, Strawbridge Cannel of Holmes county, Bedford Cannel of 
Coshocton county, Newland coal of Vinton county ? 

This seam is scarcely less widely extended than the one last 
described, and is, on the whole, a much more valuable deposit, and yet 
it is nowhere mined on a large scale at present. There is a single field 
which is ready to furnish the basis of a considerable business whenever 
railroad transportation shall be provided for it. The field referred to 
is the Bedford Cannel district of Coshocton county. In Mahoning 
county, in the vicinity of Canfield, quite a large local supply is furnished 
by the Upper Mercer coal, which is there known as the Bruce or Infelt 
coal. It is quite weak in its development in Stark county, but in Tus- 
carawas and Holmes it is worked in a few neighborhood mines. In 
the last named county it becomes the Strawbridge Cannel seam, which 
was made the basis of a large mining scheme a few years ago, but which 
was never pushed through to a successful issue. The seam acquires its 
largest volume, and perhaps its greatest value in the adjoining county 
of Coshocton, where it is known as the Bedford Cannel coal, to which 
reference has already been made. 

In Muskingum, Perry, and Hocking townships, the seam is univer- 
sally present, but it is generally thin, rarely reaching a thickness of 
2 feet. Its quality is, however, often good, and a little of it has been 
mined at many places. In the central parts of Vinton county, it again 
attains a good volume. It is known in the neighborhood of McArthur 
as the Newland coal. It reaches a thickness of 5 feet for a small area, 
part of the seam being cannel. To the southward the seam is very 
often a cannel coal. It makes the Milton township Cannel of Jackson 
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county, and the Webster Cannel of Scioto county. Many neighbor 
hood mines are opened in the seam through these districts. 

Through the southern portion of the State, it is parted from it 
limestone by an interval ranging from 12 to 40 feet; the limestone itsel 
being for the most part replaced by a block iron ore. 


5. Tue TIongesta CoAL. 


Synonyms.—Coal No. 8b of Report on Hanging Rock District, vol. III; Wartman coal 
do; Bolivar coal of Stark and Tuscarawas counties. 

This seam is less reliable as a geological element than the Merce 
coals which have been last described, but still it is found in numerou 
sections. throughout the entire field. It is mined in Mahoning, Stark 
Tuscarawas, Holmes, and Vinton counties, and to a little greater exten 
in Tuscarawas than elsewhere, though even here its yield is insignificant 
Its position is 10 to 20 feet above the Upper Mercer limestone or it. 
representative in Southern Ohio, the Franklin Furnace Block ore (Mair 
Block ore of the Ohio Valley). Its largest measure is 5 feet, but thi 
thickness is rarely reached. The seam is of but little value in Ohio. 


6. THE BROOKVILLE COAL. 


Synonyms.—Coal No. 4 of Stark county; Gray Limestone coal; Upper Limeston: 
coal; Winters coal of Vinton county; Flint Vein, do; Conway cos 
of Lawrence county; Coal IIIc of Report on Hanging Rock District 
vol, ITI. 

This is a much more valuable seam than any that we have fount 
since leaving the Sharon coal, or Coal No. 1. A question must b 
admitted as to the equivalence of the Brookville coal of Pennsylvani: 
with the Gray Limestone coal, or Coal No. 4 of Newberry, from th 
fact that no limestone is reported in the Pennsylvania sections a 
accompanying the former seam; but the Gray Limestone coal of Starl 
county holds the exact place and relations of the Brookville coal. I 
the two coals are not one and the same seam, then the Brookville coa 
has no representative in Ohio, and the Gray Limestone coal is withou 
representation in Pennsylvania, a conclusion that no one acquaintec 
with the demonstrable continuity of the remaining seams of the serie 
will be prepared to admit. | 

It will be remembered that the Putnam Hill limestone dies out i 
Mahoning county, as it is followed eastward, and in Perry county, as i 


THE LOWER COAL MEASURES. 161 


is followed southward. Its horizon can be followed with certainty to 
the southward, after the limestone has disappeared, but the drift-covered 
region in which the limestone terminates at the eastward is less favor- 
able for geological examination, and no better proof as to the continuity 
of the horizon can be furnished than that already given in chapter I. 
The facts there detailed certainly give a high degree of probability to 
the conclusion that the Brookville coal in its westward passage takes a 
limestone roof, and becomes Newberry’s Coal No. 4 of Stark county, 
and that conclusion is adopted and used in this report. 


This seam is at its best in Stark county. It is struck in the north- 
eastern quarter of the county in several small mines, but it is on the 
western side that it attains its largest development. The Valley Rail- 
road passes through the heart of this field, and a number of well- 
equipped mines of the limestone coal are now in operation along its line. 

The seam shows a maximum thickness of 6 feet. It is fairly steady, 
and a part of the seam is of good quality. It is chiefly used as a steam 
coal. Its specific gravity is somewhat high, owing to a large quantity 
of ash in the lower bench. The Putnam Hill limestone makes its roof, 
resting in many instances directly upon the coal. 


Throughout Tuscarawas and Coshocton counties, the seam is gen- 
erally thin, and no considerable mines have anywhere been opened in 
it, but in Newcastle, Bedford, and Jefferson townships of the latter 
county, the seam reaches a maximum of 4 feet, and is opened in many 
country banks. The chief local supply of these townships is derived 
from it. In Holmes county also, there are several neighborhood mines 
opened in the seam. 


In Muskingum county the seam has occasionally been worked in a 
small way. A mine has recently been opened in it in Zanesville, in 
which the coal falls below 3 feet in thickness. In Perry county and 
also in Hocking the seam is not worked so far as known, but though 
thin it is universally present as far as the limestone extends. 

In Vinton county it again acquires mineable thickness, and it is. 
quite largely worked for local supply in the vicinity of McArthur,,. 
where it is known as the Winters coal. It rises to 4 feet in thickness, 
and its quality is fair. It is associated with beds of flint in some parts: 
‘of the county, and at several points it has a flint parting in the middle 
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of the coal. From the latter fact it is known as the Flint Vein ina 
portion of the county. 


The seam is mined in Lawrence county in a small way under the 
name of the Conway coal. 


The coal of this seam, so far as known, is everywhere of the open- 
burning variety. Aside from this fact, no general description of the 
seam can be given. Its ash is sometimes white and sometimes red in 
color, and is never very low in proportion. Various degrees of strength 
in the coal are shown in the several fields in which it is most largely 
worked. 


7 AND 8. THE CLARION CoAL—LOWER AND UPPER. 


Synonyms.— Limestone coal of Jackson and Vinton counties, Coal No. 4 of Mahoning 
county, Coal No. IVa, Report on Hanging Rock District, vol. III. 


Under the above designation the Clarion and Scrub Grass coals of 
Western Pennsylvania are included. Both seams fail for the most part 
in all of the northern border of the Ohio field. In Perry county, one 
of them is found 16 inches thick, at New Lexington and vicinity. It 
makes no increase of volume until Vinton county is reached, but there 
it thickens into a workable seam, which has great steadiness and value 
throughout Vinton and Jackson counties. It disappears again in Law- 
rence county, and is scarcely found at all south of the Ohio River. In 
the district of its best development, it is the main reliance for fuel and 
for the production of steam. It is known as the “ Limestone coal,” 
from its close association with the Ferriferous limestone. This stratum 
makes the roof of the coal in many instances, but sometimes a few feet 
of shale intervene between it and the coal. The maximum interval 
observed is 18 feet. There is no clear indication of a division of the 
seam into two in Southern Ohio. The character of the coal throughout 
the region referred to is quite uniform. It is a bright, well-jointed, 
rather weak coal, burning freely, with not an excessive amount of ash, 
but always high in sulphur. The ash is generally purple in color. In 
several of these respects it is clearly distinguished from Coal No. 4 of 
Newberry in the region where this latter seam is best shown, as, for 
example, in Stark county. 
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9. THe Lower KITTANNING COAL. 


Srnonyus.—Ooal No. 5, Stark county and southweatward; Coal No. 4, Leetonia; 
Leetonia coal; Coal No. 8, Yellow Creek and Upper Ohio Valley; 
Creek Vein, Hammondsville; Potter’s Vein, East Liverpool and Ohio 
Valley; Clay Vein, East Liverpool and Ohio Valley; Mineral Point 
coal ; Lower New Lexington coal; New Castle coal of Lawrence county 

In ascending the scale from the Clarion coal to the Kittanning 
coal, we have passed the most important and best-known horizon of the 
Lower Coal Measures, viz., the Ferriferous limestone. The coal now 
named, and the seam next above it, unite with the limestone to con- 
stitute a series as unmistakable and as easily followed as even the 
Mercer series of which we have already treated. Even where the lime- 
stone fails, the coals, one or both, continue in demonstrable persistency 
and identity, and have much to do in establishing the remarkable order 
which characterizes the Ohio coal field. 

Newberry was the first to recognize the great steadiness and wide 
reach of these seams. He showed their continuity from Stark county 
to Perry county, the most important and fruitful service yet rendered 
to the geology of the Lower Coal Measures of the State. Andrews 
took up the series at the point where Newberry left it, and traced these 
two Kittanning coals, Newberry’s Nos. 5 and 6, through the leading 
coal field of Ohio, viz., the Hocking Valley field. He followed them 
with great sagacity {through the various changes and disguises they 
undergo, as far south as the middle of Vinton county, but here his sec- 
tion was dislocated through a mistaken identification made by one of 
his assistants. Roy first pointed out the true order from Vinton county 
southward, and this order was subsequently demonstrated in my report 
on the Hanging Rock District, in Geology of Ohio, vol. III. 

Crandall has followed the series southward into Kentucky for 
about 50 miles, where these widely extended beds at last disappear. 

On the eastern border of the State, the true continuity of the 
Kittanning coals is for the first time shown in Chapter I of the present 
volume. They have been traced almost or completely across the State 
of Pennsylvania by the geologists of the Second Survey. The summing 
up of these facts would show the Kittanning coals stretching around 
almost the whole northern margin of the Appalachian field from Mary- 
land on the east to the central part of Eastern Kentucky on the south 
and west. 
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The Lower Kittanning coal] is one of the most important seams in 
the Ohio series. It is mined in southern Mahoning county to a small 
extent. It is more largely worked in southern Columbiana and in 
Jefferson counties, though here the Kittanning clay that underlies it is 
of much more importance and value than the coal. The two beds, coal 
and clay, are often worked together. In northern Columbiana the bed 
attains great excellence, where it makes the well-known Leetonia coal. 
The purest and strongest coke of the State is obtained from this seam 
in this vicinity. It has been worked very largely here for a number of 
years, and is at present supplying two blast furnaces and a rolling mill. 
Though made the basis of a large prodaction, the seam is thin, falling 
below 3 feet throughout all the territory, and being less than 30 inches 
thick at the point where it is most valued. 

Passing westward, we find the coal thin in eastern and central 
Stark county, but regaining its volume in Tuscarawas county. At 
Mineral Point it is at its best, for all this part of the State, as to quality 
and thickness. It disappears very often in Holmes and Coshocton, 
though there are many small mines opened in it in both counties. 

In Muskingum it again becomes important, and is known as the 
Lower Zanesville coal. It is here 4 to 5 feet in thickness, and of ex- 
cellent quality. It is largely worked here. The same description will 
apply to Perry county. Through all of these regions it is in the main 
an open-burning, white-ash coal. The ash is low asa rule, but the 
percentage of sulphur is generally high. 

In following it still westward, it holds its old character very well, 
but as it does not exceed 3 feet in thickness, it is completely over- 
shadowed by the Middle Kittanning seam that lies but 20 to 30 feet 
above it. 

It is for the most part quite thin throughout Vinton and Jackson 
counties, though it frequently rises to 2 or 3 feet in thickness, but in 
southern Lawrence it becomes a main reliance for a large territory, and 
is worked in large mines, and is shipped by rail and river. It is here 
known as the New Castle coal. 

Its characteristics can be made out from the statements already 
furnished. Its fixed carbon is very nearly 50 per cent: through most 
of the field. At Leetonia, however, it rises high above this figure. 
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10. THe Mippue Krrrannina COAL. 


Synonyus.—Coal No. 6, in Stark county and southwestward ; Coal No. 4, in Yellow 
Creek and the Ohio Valley ; Osnaburg coal of Stark county; Pike Run 
and Dennison coal of Tuscarawas; Coshocton coal; Upper Zanesville 
coal; Upper New Lexington coal; Nelsonville and Straiteville coal ; 
“Great Vein” of the Hocking Valley; Carbondale and Mineral City 
coal; Upper Zaleski coal; Washington Furnace coal; Sheridan coal ; 
Ashland or Coalton coal of Kentucky; Willard coal of Kentucky ; Coal 
No. 7 of the Kentucky series (Crandall). 


The names given above plainly show that we are now dealing with 
the most important of the coal seams of the State. It is so closely con- 
nected with its companion seam already described, that no discussion of 
its stratigraphical relations is here required, ita place in the scale being 
20 to 50 feet above the lower coal. A few general statements as to the 
character of the seam are all that are called for at this point. 


In Western Pennsylvania it is generally found as a thin seam of 
excellent quality. It furnishes a good deal of blacksmithing coal for 
local use. Just upon the border, it is true, there is a small area in 
which it becomes a cannel coal of large volume (the Darlington Cannel), 
but after crossing the Ohio line, it resumes its previous character. In 
the Yellow Creek Valley it is known as the Hammondsville Strip 
Vein, and it is here a coking coal of unusual excellence, though rather 
high in ash. Through northern Columbiana the-seam is thin and in- 
conspicuous, but generally present. In Stark it again becomes mine- 
able, and is worked at many points, the most important of which are 
Osnaburg and North Industry. It is here but slightly cementing in 
character, and one foot of the seam at the first named locality is smith 
coal. It gains in volume in central Tuscarawas, where it is mined on 
a large scale. From this point to New Lexington it holds substantially 
the same character, that of a moderately cementing coal, burning with 
a bright flame, rather high in sulphur, but low in ash, the latter almost 
invariably being of a chocolate-red color. The fixed carbon never 
quite reaches 50 per cent., and the volatile matter never falls below 
40 per cent. Throughout this territory, the seam is exceedingly steady 
and regular in all respects. Its ‚maximum thickness is 5 feet, and its 
average about 34 feet. From New Lexington southward and westward, 
the seam maintains a very different character. It acquires much greater 
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volume, and becomes a white-ash and typically open-burning coal. 
The latter characteristics it retains throughout its entire southward 
extension, but its volume is subject to numerous changes as it is followed 
toward the Ohio River. There is a large acreage in the Hucking 
Valley field, where the seam is 6 feet and upwards. It is but 33 feet 
along the line of the M. & C. Railroad. It is also thin throughout 
Jackson county, but in Gallia and Lawrence counties it grows some- 
what thicker. It is at least 4’ thick in the Coalton (Ky.) field. 


11. Tae LowER FREEPORT COAL. 


Synonyms.—Coal No. 5, in southern Columbiana county; Coal No. 6a, in Stark county 
and southwestward; Whan seam of New Lisbon; Steubenville Shaft 
seam; Hamden Furnace coal of Vinton county; Hatcher coal of Law- 
rence county; Coal No. 8, of the Kentucky series (Crandall). 


This is a seam the horizon of [which can be followed throughout 
the entire field, but which becomes workable at comparatively few 
points. At one locality, Steubenville, it reaches its highest mark, and 
becomes the basis of one of the best coal fields of the State. It isa 
coking coal here, and yields a fair article. At New Lisbon it had an 
excellent name as the Whan seam, but the workable area of the coal 
was small. It is easy to trace the seam around the northern and western 
border of the field, for both coal and limestone mark the horizon, and 
one or both will be found in almost every locality. The seam becomes 
mineable again in the Hocking Valley, but though 3 feet thick, it is 
seldom worked, on account of the close proximity of the thicker and 
better coal of the Middle Kittanning horizon. The Lower Freeport 
coal ranges from 25 to 65 feet above the Middle Kittanning, and has 
about the same limits with reference to the Upper Freeport. In Vinton 
county this seam gets the advantage of the Nelsonville coal, and in the 
vicinity of Hamden Furnace it is worked in preference to the latter, on 
account of its greater thickness. In Southern Ohio it is a seam of some 
local importance, being known as the Hatcher coal in Lawrence county. 
It is a moderately cementing coal throughout this western field, but is 
nowhere of the highest quality. 
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12. THe Upper FREEPORT COAL. 


Synonyms.—Ooal No. 6, in southern Columbiana county ; Coal No. 7, in Stark county 
and southwestward; Blackband coal of Stark, Tuscarawas, etc.; Big 
Vein of Salineville; Dell Roy and Sherrodsville coal ; Cambridge coal; 
Alexander coal of Muskingum county; Blue Rock coal of the Mus- 
kingum Valley; Bayley’s Run and Norris coal of the Hocking Valley ; 
Waterloo coal of Gallia county; Coal No. 9 of the Kentucky series 
(Crandall). 


This seam is the second in importance of the coal seams of the 
State, ranking next to the Middle Kittanning in the quantity of coal 
that it holds, and is now producing. It is the center of three well- 
developed and important fields, viz., Salineville, Sherrodsville, and 
Cambridge, it makes an important contribution to the fuel supply of 
other large districts, as central Muskingum, and parts of Perry and 
Athens counties, and finally it awaits development in what appears to 
be one of its most promising basins, the Waterloo district of Gallia and 
Lawrence counties. Of greater value even than the coal of any of 
these fields is the Blackband ore, which replaces the seam, in whole or 
in part, in Stark and Tuscarawas counties, and elsewhere. 


The Upper Freeport seam is generally a moderately cementing 
coal, well-jointed, rather soft, without excessive ash, but apt to be high 
in sulphur. It carries 52 to 55 per cent. of fixed carbon, and always 
less than 40 per cent. of volatile matter. In its best phases it is highly 
valued as a steam coal. Its slack cements in the coke-oven, and aside 
from the presence of sulphur, forms a good coke. 


The seam is generally characterized by a considerable number of 
thin slate partings or binders, in addition to its main and persistent 
partings. Its normal thickness is 5 to 6 feet, and it is certain that the 
seam once existed in full and regular development over very large areas, 
though never in a marginal fringe like the Kittanning coals. Its floor is 
generally even, but there belongs just above it the coarse and con- 
glomeritic Mahoning sandstone, from which it is separated by a few feet 
of shale in normal sections, and this is the source of its trouble. The 
strong currents that brought in the sandstone have carried away the 
shale, and have cut channels of varying width throughout the body of 
the coal in all of the fields in which the seam has thus far been devel- 
oped. These sandstone channels give rise to the “ wants” and “ horse- 
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backs,” which are the great drawbacks in the working of this seam. 
The sandstone seldom outs out the whole body of the coal, but it reduces 
the seam to 2 feet or less in thickness. The boundaries of the channels 
are quite abrupt, the coal running down in a few yards from full thick- 
ness to unmineable size. 

The seam is also disturbed by clay veins to a considerable extent. 
Despite these drawbacks, it ranks second among Ohio coal seams as to 
quantity. The Brush Creek coal (Salineville Strip Vein) is commonly 
worked and classed with the Freeport coals, but as already shown, it 
does not really belong to the Lower Measures, and it will accordingly 
be considered elsewhere. 7 


CHAPTER III. 


THE COAL SEAMS OF THE LOWER COAL MEASURES 
OF OHIO—Continued. 


Minss oF TRUMBULL, MAHONING, CoLUMBIANA, JEFFERSON, PORT- 
AGE, STARK (EXCLUDING THE MASSILLON FIELD), CARROLL, 
TUSCARAWAS, AND GUERNSEY COUNTIES. 


By Epwarp Orron. 


The general features of the several seams have been roughly 
sketched in chapter II, and an equally brief description of the develop- 
ment of these seams in their several districts is next in order. This 
review of the coal fields ot the State is, however, to be regarded as 
supplementary to the reports already published by the Survey, and not 
by any means as a full statement of the geology of the districts. Such 
errors as have been revealed in the sections or details of this earlier 
work, in the course of subsequent exploration or development, will be 
pointed out, and special attention will be given to the fields that have 
been opened sinee the publication of the previous reports. 


CoaL MINES OF TRUMBULL CouNTY. 


The coal field of Trumbull county is mainly confined to the five 
southeastern townships, viz., Hubbard, Brookfield, Liberty, Vienna, 
and Weathersfield. They constitute the most important, and in every 
way characteristic of the block’ coal fields of the State. For many 
years they produced more coal and better, not only than any other 
equal area in Ohio, but they placed Trumbull far in the lead of the 
coal-producing counties, but the output is rapidly declining, both 
relatively and absolutely, and a large part of the territory is already 
exhausted. Almost every farm has been tested by borings, but so 
irregular are the deposits of the coal, and so abrupt are their boundaries, 
that it is not safe to say that there are not workable beds under any 
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given territory, unless very careful and generally quite expensive in- 
vestigation has been carried on. The method referred to is unsatis- 
factory at best. A farm is often drilled over two or three times, by as 
many different lease-holders, before the coal basins are found. The 
work of testing is still going forward, but with constantly diminishing 
force, inasmuch as the chances of any considerable deposits being struck 
are lessened year by year. Small basins are, however, still being dis- 
covered and developed, but a few years at most will terminate the 
production of coal in Trumbull county on the large scale. 


The characteristics of this field have been so fully set forth in 
previous reports (see especially Newberry’s report on Mahoning county, 
vol. III; and Read’s report on Trumbull county, in report of 1870) 
that it is not necessary to go into full details here. It is, however, to 
be remarked that quite different grades of coal come into market under 
the name of Mahoning Valley Block coal. The name does not in all 
cases stand for fuel of the highest excellence, but it is sometimes made 
to cover common, or even quite inferior quality. The bulk of the coal 
fully deserves its excellent name. 


But few analyses of the Block coal have been made for the present 
volume, partly because the character of the coal is so well established, 
and partly because the field is losing its importance as a source of 
coal. | 

The best portions of the seam yield excellent results, as shown in 
the following analyses, made by Wormley and quoted by Newberry, 
vol. III, p. 813: 











No.1. Brier Hill coal ............... scsccsssccccccccscescccsscccccnsececacece Wormley. 
No. 2. Veatch’s mine ......cccccccce cocccccccscncccescccccccccceccccconcecece “ 
No.1 No. 2 
Moistur® .......ccccccccccscsvccecccccesccce nonunnsunnansnensensnnenanenennnnnnennnnnnne 8.60 2.47 
Volatile combustible matter........c..sscecccsossecesees eececcccecccccccecccess 82.58 81.83 
Fixed Carbon.....cccoccccccccccccccecccecsccncetsvescvcessvcsccceccacccaucesecceccccecs 62.66 64.25 
AS) ...cccccccccccsccescsece sovccsecs sanececccccscceecsecccscccscesvevscececesecenscessececs 1.16 1.45 
100 100 
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These figures represent, it must be borne in mind, hand-specimens, 
and not car-loads. There is no seam of as high average quality as this 
analysis would indicate in the State, but it is interesting to learn that 
some portions of the coal that we are now considering, approach so near 
to perfection as bituminous coal. The percentage of fixed carbon 
reported was derived from a somewhat different mode of analysis em- 
ployed by the present Survey. 

The Church Hill mines are among the oldest and most extensive 
of the field. Perhaps no better body of Block coal has been found than 
is included in this property. When sampled by the methods previously 
described, the following results of analysis are obtained : 


Church Hill Slope, Liberty township ............cccwsscsscscessevscceecreees Lord, 
Moisture ............ccrcccsscrecccccccssecssccccescsscoessonensceccs canescens socsecccsessacsencesees 5.91 
Volatile combustible matter.......osesoneoonnssnnenanssenansenosnunannnunnnunnen nsonnnaren 88.01 
Fixed carbon ........ccccccccecscsccsccccsscceccecsscscccccssseesecccesccesccccsccessssseccsscesess 8870 
Ash .ssssssesssssccsssescessssssssssssessesessssuessssssesssssssuecasssessassesasseseasseossssenseaves 8.88 

100.00 
Sulphur .....orsoosoonensnnusenonsonsnee ‚ntansonsnonsennonnnnanasnannnssnuennnsnnesnannesannen 078 


These figures show a very excellent coal, but not, like the last, too 
bright and good for common use. 

A sample of the streak of cannel that sometimes occurs in the 
middle of the seam gives the following results. (Zord.) It will be 
seen that the percentage of ash is low for a cannel, and that the 
amount of sulphur is small: 
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The coal of the Cleveland Shaft, and also of the Chew bank, Brook 
field township, ranges somewhat lower in quality, if inference may b 
safely drawn from single analyses. The results are given below i 
connection with those of two other mines: 








No. 1. Cleveland Shaft, Brookfield township... ........sssssssrsesseeses Lord. 
No. 2. Chew Bank, Brookfield township.......sc.-sccersserssccesscceces Mt 
No. 8. High Tone Shaft, Liberty township...............ccccsesecesersseee “ 
No. 4. California Slope, Hubbard township...............cccsesessescees . “ 
1 2. 8 
Moistur® ........sccecccccrcceccnccerescccsevensceces sees 4.60 4.88 4.69 
Volatile combustible matter ...... .... © cosesvess e 88.36 86.16 85.82 
Fixed carbon ......ccccscocsscecsvccscnccnccseccsesces 50.42 49.80 48.61 
Ash ....ccccccscncescs cocccecsccssscee- secsesencscesenscces 6.62 9.66 6.87 
100 100. 100 
Bulphur .......sccssccscscccscoscccsscccssseccceeces 2.02 8.07 1.01 





The California mine is seen to come up to the first rank ast 
quality. All of the samples here reported were taken from the ban. 
cars, and represent considerable portions of the mines as now workec 
Other portions may of course show somewhat different results. 

The Block coal is no longer largely used as an iron-smelting fue 
having been almost entirely displaced by Connellsville coke within th 
last 10 years throughout the Mahoning Valley. The low rate at whic 
the Pennsylvania coke is now furnished, together with the essentia 
advantages that coke has over raw coal in iron manufacture, has led t 
this substitution. The Block coal pays a high royalty, and cannot b 
mined as cheaply as most of the other seams of Ohio and Wester 
Pennsylvania. 

In the Cleveland market the Mahoning Valley coal retains its ol 
advantage, commanding, with the other coals of the same horizon, a 
least 50 cents more per ton than any other bituminous coal that i 
brought there. 

The present condition of the field in Trumbull county can be mad 
out from the following brief notes. In Hubbard township a large par 
of the possible area of the Block coal has already been mined out, an 
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10 large acreage is left in any continuous body, but exploration is still 
ring on in the small way, and it is occasionally rewarded by the dis- 
overy of moderate sized basins that had heretofore escaped notice. 
Aubrey and Dolling opened in 1882 one of these basins in the north- 
vestern part of the township where it was generally supposed that the 
oal has been already worked entirely out. 

The Applegate Cval Slope (Shenango mine), near the line of Hub- 
yard and Brookfield, and extending into both townships, furmerly 
yperated by the Mahoning Coal Company ; the Love Coal Bank, operated 
y Andrews and Hitchcock; the Burnett Coal Slope, operated by the 
ame firm, covered one of the noblest bodies of coal of the entire field, 
nut it is now exhausted. 

The Matthews Coal Shaft, operated by Jacobs and Sons, and the 
California Slope, are the only mines now worked in Hubbard township. 
The latter is a newly discovered body of small acreage. It will last 
but a few years at most. 

The area of workable coal left in Brookfield township is somewhat 
larger. A considerable part of the township is below the coal horizon, 
and most of the sections that are high enough have been pretty 
thoroughly tested. The Curtis and Boyce Coal Company has made 
quite thorough work with the coal in the eastern ridge, and on the 
southern side of the township the Brookfield Tunnel Company has mined 
out a very large territory. This company has still before it coal enough 
to furnish 10 or 12 years’ supply. 

The Cleveland Shaft, operated by the Brookfield Tunnel Coal 
Company, is near its margin of coal, so far as the territory has been 
tested. Two other mines, drift banks, viz., the Chew Bank, and the 
“Brass and Wire” Bank, complete the list of mines now in operation. 

A ridge extending northward through the center of the township, 
is high enough to hold the coal, and has not been thoroughly tested 
as yet. | 

All large mining operations have been for some time suspended in 
Vienna township, but a deposit of considerable value is now undergoing 
development by Morris, Sampson & Co., at a point about 1 mile south- 
east of Vienna Center. The cval of this township has never had as 
good a name as the coal to the south and east, but the new mine, Shady- 
side, has at present an excellent reputation. The coal is counted of the 
highest quality. | u 
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In Liberty township the coal now known would be exhausted in 
3 or 4 years at the present rates of mining. Small areas are added to 
the available resources of the township occasionally, and in this way 
the life of the field will be prolonged: The mines at present in opera- 
tion in this township are as follows: 


Kline Coal Co.’8 Slope ...... cesesees secsvecesesscscvecees Tod Iron Co. 


Coal Slope, No. 9....ccscsccscccccescscsvcccccscccccceseccsces Mahoning (oal Co. 
Church Hill Slope ............csesssccsovcccesccscrcceveves Church Hill Coal Co. 
Church Hill Shaft ............ssscssscccscsscsceccsvescseess Church Hill Coal Co. 
High Tone Coal Shaft............csssscssssscsccscsssevees Morris, Sampson & Co. 
Garfield Qoal Shaft ..........csssccsscssccsscssesevecscecees McCurdy, Margerum & Co. 


The last named mine is one of the lately opened mines, and ex- 
hibits in striking form the irregularities that belong to the seam in 
general, and to these narrower swamps in particular. 

The coal of Weathersfield township is confined to its southern 
. border, where it constitutes the Mineral Ridge mining field. The Min- 
eral Ridge coal belongs to the general horizon of the Sharon or Block 
coal, as heretofore determined, but there is in the facts of its occurrence 
some ground for the earlier opinion of Newberry, by which it was 
referred to a higher horizon than the Block coal. The coal itself is of 
a different grade from the Block coal, being much softer and more 
impure, and of a slightly cementing character. It is often underlain by 
an excellent Blackband ore, which reaches a maximum thickness of 12 
inches. The average is scarcely more than half this. A black slate 
comes below the ore, and the open-burning Block coal lies still below. 
The latter is generally thin, but sometimes rises to 2 or 3 feet. Of 
these several elements, the Blackband ore is the most valuable, and 
were it not for its presence, a number of the mines would be closed at 
once, and would probably not be opened again. The section will be 
better understood by the following diagram: 


1. Mineral Ridge coal, coking .............csse sersonsonnssnnensensnnnee: 0 to 4’ 
2. Blackband iron ore........ ....cscecseccsscsscecsccecscsccsvccsecescccceces YY to I’ 
8. Coking Coal............ccsccoscccesscevescevseecessescecsevece sonssseecosees - 27 to 8 
4. Black slate, called “ Wide awake”’........ccccccscsscsvsscescsececeees - Y to ¥ 
5. Block coal, open-burning .............ccsccssccessccoccscscccsccece soeees 6” to 27 


Some of the larger mines have worked the Block coal in their 
northerly entries, and the coking coal in the south entries, both seams 
coming out by the same shaft. The mines of the township are as 
follows: 
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Mineral Ridge Coal Slope ........ .....ceccsssssccseceecease Osborn Coal Co. 
Norris and Price Coal Shaft ............... IPPPPFPFFRRRRR - Wm. Williams. 
Weathersfield Coal Shaft............ccccsssscecssressscseees D. Morris & Co. 
Peacock Coal Shaft ..........cssssccsccscccssccsccecescsecees „ Pierce, Brooks & Co. 


The third mine of the list is already drawing pillars. The second 
and third yield both the Block and the Mineral Ridge or coking coal. 
The first and fourth produce only the coking coal. 


I. COAL MINES OF MAHONING COUNTY. 


The Block coal field of Mahoning county is one and the same with 
the Trumbull county tield, and can be described to the best advantage 
in the present connection. 

There are four townships of the county that are known to contain 
the Sharon seam of workable dimensions, and in considerable area, viz., 
Youngstown, Austintown, Boardman, and Poland. The first two adjoin 
Liberty and Weathersfield townships, respectively, and the Youngstown 
coal agrees in all respects with the Liberty coal, while the Mineral 
Ridge field of Weathersfield township extends into Austintown, and has 
an important part of its development there. This last named field will 
be first taken up. 

There are nine mines now in operation in the Sharon seam in Aus- 
tintown. They all contain the coking or Mineral Ridge coal. Several 
of them hold good developments of Blackband, and two of them con- 
tain the Block coal as well as the coking seam. The mines are as 
follows : 


Austin Mines (Shaft) .......-.sccccssssssscssccscescececcccsces sevens Tod, Wells & Co. 
Tibbit’s Bank (Shaft).........0ccsccocccscscsscccecccseccecsccsssceces Tod, Wells & Co. 
John Henry Mines (Shaft) Thornton Bank ................. H. & J. Baldwin. 

Linn Farm Mine ..........ccccccccssssceces seve cseccecs coscevececes Cornell & Dalzell. 
Pennel Bank (Slope)... .......ss.sccsccccesccnsercssccson eoscescseees New Lisbon Coal Co. 
Fool’s Errand Bank ...........cccccsccscessccccsceeccssccssccecsasses Morris & Marshall. 
Leadville Mine (Shaft)..........cccscsc csorsccsccescecccccecccece Brown, Bonnell & Co. 
Jordan Farm Mine.......ccccccccccscssee seco vecececes cccees vevcecees Haroff Coal Co. 
Campbell Mime. .............0c0ecsssesees ccscccsecsceserescesseccesecs Marshall & Williams. 


Several of these produce excellent furnace coals, as the Pennel, 
Jordan, and Fool’s Errand, and all of them yield a good milling and 
domestic fuel. As in the townships to the north of them, most of these 





| 
| 
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mines have seen their best days, and, taken as a whole, the field is 
verging toward exhaustion. 


In Youngstown township we find the Block coal again, agreeing in 
all respects with the Hubbard coals. The same general statements 
apply here. The portions of the town in which coal is due have all 
been sounded. All of the larger bodies have been attacked, and most 
of them have been worked near to their limits. Small basins are 
coming to light from time to time, some of them in territory that had 
already been carefully drilled, as was thought. One of these bodies is 
now being followed under the northwestern portion of the city of 
Youngstown. 

There are now in operation in the township 5 mines, and a new 
shaft has just reached the coal in the southern part of the township, not 
far from Kyle’s Corners. 

The mines are designated as follows: 


Witch Hazel Mine (Shaft) .............csssccecsscccscecscesees Witch Hazel Coal Co. 
Allen Coal Co.’s Mine (Shaft) .......cc.cccccssseee sosssceeses Mahoning Valley Iron Co. 
Wellendorf Mine (Shaft) ............ccccsccsscscscsssccccsseces C. H. & OC. W. Andrews. 
Foster Mine (Shaft) ............cscsscecsscscsccnssossesscccescoees Foster Coal Co. | 
Manning Mine (Shaft) ........... cccces cesses cosccrsrssscer scenes Manning Coal Co. 


The first of these is one of the newly discovered bodies of coal re- 
ferred to above. There seems good reason to believe that it is an arm 
of the old Brier Hill basin which was in the main exhausted a number 
of years ago. The coal was not followed down as low in the early days 
of mining as it now is, and many of the prolongations of the swamp 
thus escaped notice. The mine gets its name from the fact that it was 
located by Chas. Latimer, Esq., Chief Engineer of the N. Y., P. & O. 
Ry., by means of the forked twig. There isa fair body of coal before 
it, the probable area being about 20 acres. The quality of the coal is 
good. It is used to supply the home market of Youngstown, and will 
without doubt be entirely devoted to this purpose. 

The Wellendorf mine is a new mine, with probably but a moderate 
acreage before it. . 

The Foster bank is one of the older, and was formerly one of the 
more important mines of the district, but its days will soon be num- 
bered. Pillars are being drawn, and a few months will close its history. 
It has yielded a large amount of the best of‘ coal. 
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The Manning mine is established on a valuable though not very 
extensive basin. 

The Block coal has recently been discovered in Poland and in 
Boardman townships, and one mine is opened in each. The coal has 
also been followed in fine development across the line from Youngstown 
into Coitsville township, in a spur of the Allen mine coal basin. 

These nine townships, lying in two counties, embrace the entire 
block coal field of the Mahoning Valley, so far as its development in 
Ohio is concerned. They hold a conspicuous and honorable place in 
the history of coal mining in the State. Possessing, as they originally 
did, a large area of coal of the highest quality, lying on the margin of 
the field nearest to the great markets, the business was developed sooner 
here in the large way than elsewhere in the State, and the whole dis- 
trict has been greatly enriched by it. Royalty has ruled high, a large 
amount of the coal drawing from 60 to 75 cents per ton. From this 
source the landowners have received large revenues. Business sagacity 
and capital have been generously rewarded, and great fortunes have 
been accumulated from the business directly or indirectly. Nor has 
labor been unrewarded. Of the miners that have been temperate and 
frugal, a large number live under their own roofs, and have secured a 
reasonable competence. Some of their villages rate highest for intelli- 
gence and order among the mining communities of the State. 

The mining of the block coal calls for and cultivates skill. Only 
well-trained men can make proper headway in attacking a’seam of this 
character. It is mined mainly without explosives, and under the best 
of the more recent practice is made to yield at the rate of 5,000 tons for 
an average of 4 feet to the acre. It makes but little slack when prop- 
erly handled, 2,100 Ibs. of unscreened coal being commonly counted one 
ton of clean coal. The weight of the screenings in the California mine, as 
shown by a “Billy Fairplay,” ranges from 100 to 300 Ibs., the screens being 
1} between bars. The same test, when applied to the Mineral Ridge 
coal, gave. 1144 lbs. of slack and nut coal to one ton of clean coal. In 
this region, therefore, the screenings take an average of $ of the coal 
that comes from the shaft. The Blackband ore is the element that main- 
tains this latter field, both of the coals being too thin for profitable min- 
ing independently. The heavy black slate, called “‘ wide-awake,”’' lying 
between the Block coal and the Blackband, complicates the mining. 


12 G. 
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Where it occurs, the whole seam is “shot out of the solid,” and thus the 
upper coal, which is weak at best, is much broken. 


The price of mining is graduated to the thickness of the coal in the 
room, sometimes by an accepted scale, and sometimes by special agree- 
ment that reaches substantially the same result. Counting 65 cents as 
the price of mining 4’ coal, an addition of 5 cents per ton is made for 
every 3 inches below 4’, the maximum of $1.00 being rarely reached. 


The special adaptation of the Block coal to iron manufacture was 
an important factor in the earlier development of the field. For a long 
time it has been the fashion to deplore the rapidly hastening exhaustion 
of the supply, and to deprecate the use of this excellent fuel for more 
common purposes, but events are proving that the coal went at the right 
time, and in a way most serviceable to all the interests concerned. 
What is left of it is suffering severely from competition with the various 
newer fields of Ohio and Pennsylvania, and with all the advantages 
that its high quality affords, it is barely able to maintain itself in market. 
The element of royalty alone counts heavily against it, the excess in 
this particular above the coals that it meets being often 50 cents per 
ton, and sometimes more. 


As to the southward extension of this valuable seam, little is to be 
said. Not a single clear occurrence of it has been reported in Eastern 
Ohio south of the points named, except that a recent drilling shows 44 feet 
of coal at a depth of 307 feet near the boundary of Austintown and Can- 
field townships. 


The coals struck at Leetonia and New Lisbon, in the valley of 
Bull Creek, and in the Ohio Valley, near Smith’s Ferry, belong, with- 
out exception, to the Mercer horizon, and have been referred to the 
Sharon lel only through the dislocation of the series that has already 
been pointed out. When the Lower Kittanning coal was counted the 
Lower Mercer, the true Lower Mercer would not be far out of place 
for the Sharon seam; or, to use the numeral designations, when No. 5 
was counted No. 3, then the true No. 3 would answer fairly well for 
No. 1. 


Aside from the very valuable deposits already described, Mahoning 
county ‘has no large supplies of coal for the general market, but its 
whole surface is occupied by the Lower Coal Measures, and there are 
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pened in every township for neighborhood use. In Green town- 
ere is, however, a fair development of both the Lower Kittan- 
id the Clarion cvals, both of which have been mined on quite a 
ale for shipment on the Niles and New Lisbon Railroad. 


e local supplies of coal already referred to, that are obtained 
rmers’ banks, are by no means to be overlooked in making out 
l resources of a county. The seams may be thin, or may lack 
ion in other ways for mining on the large scale, but the fuel of 
communities, counting in the villages which they include, is 
tained from country banks in which not more than two or three 
are ever employed at one time, and for only a few months in the 


e coal supply of Mahoning county is mainly of this character, 
be learned from Newberry’s report, in vol. III. To the state- 
made in the above named report, a few additional facts will be 
ven, pertaining to the coal seams of Canfield and Green town- 


ree seams are worked in Canfield township, but all are thin. 
re the Mercer coals, Lower and Upper, and the Clarion coal, 
as has been already shown on page 30. 


e Lower Mercer or Blue Limestone coal (Coal No. 3 of New- 
is generally known in this region as Coal No. 2, it being the first 
le seam above the Sharon seam. The interval between these 
als is counted about 150 feet, but it is often considerably less, 
dom, if ever, more. The only mine in the State in the Lower 
seam which ships coal by railroad, is found in Canfield township. 
Jas. Turner farm, a shaft has been sunk to the coal by Wick 
cDowell, and the mine has been in operation for a number of 
but the output has never been large. The seam is 30 inches 
and like the Lower Mercer coal generally, it has more or less 
id slate distributed through it. The ccal at this point lies 15 to 
below the limestone. Both limestone and ore have been largely 
| here, and all combine to make the exhibition of the Lower 
horizon on North Run of Meander Creek, one of the most full 
isfactory to be found in the State. The section on the Beards- 
Turner farms is as follows: 
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Ft. In. 
Coarse sandstone—Containing coal plants. 
Shaleand.clay aus eheena 2 
‚ Block ore—Formerly mined by stripping ................00sssesesessee 0 6 
Lower Mercer limestone— Worked for furnaces ...........sccscssccseee 2 6 
Shales=Dark 1.2.2: u.a 0-20 
Lower Mercer Coal.............cscssscsscssccsovecsccssessevsccecesceccces sovescees 2 86 
Kirotlay asien Web aehanee - 2 
Shales— Blue-black, crowded with ore nodules, calcareous, and 
containing sulphide of ZinC...............0sscsscseccsesscsvcesscsececes 15 
Sandstone— Massillon. 


The same seam has been worked to a small extent on the Fjnk 
farm, and also on the D. Heinzelmun farm. 

The Upper Mercer coal is of much more importance in the town- 
ship than the seam already described. It occurs about 35 feet above 
the Lower Mercer limestone, and is generally known as Coal No. 3. 
In Newberry’s scale it is No. 3a. The Upper Mercer limestone fre- 
quently accompanies the coal, but is by no means as steady as the latter. 
It lies in disconnected blocks, buried in clay, upon the outcrop, and is 
a troublesome element in mining the coal. On the John Kirkpatrick 
farm the section of limestone and coal are as follows (T. J. Wise’s bank) : 


Ft. In 

Upper Mercer limestone—Blue and fossiliferous ...............sccseve« 0 4 

Black Bhale.. u ae 4 0 
Upper Mercer coal............cccccsssescvcscccecccescscssee sess EN 2 


BERG: CLRY aii csseccasvacd cd cavesasisesacstedcieaaieseiiacuecsnacsdaietues (aseceavasecapeuee - - 


The coal is said to become 6 inches thicker in some parts of the 
mine. It is worked at this point steadily, two or three miners being 
employed. The coal is of fair quality, and commands a ready sale at 
the bank. It is mined for the same price that is paid in the Block coal 
mines to the northward. It is opened on 6 or 7 farms in the township, 
but the description alzeady given will apply to all. 

The third and last of the coal seams of the township is the well- 
known Canfield cannel. It is called No. 4 in the township series, and 
Newberry has adopted the same designation, but it has already been 
shown that it is not the seam called No. 4 in Stark and Tuscarawas 
counties. That coal underlies the Gray or Putnam Hill limestone, the 
place of which is 30 or 40 feet below the Canfield cannel. The latter 
seam is 85 feet above the Upper Mercer coal, and 120 feet above the 
Lower Mercer limestone, and two seams of coal are due in the interval, 
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he Tionesta coal and the Brookville coal, which is I Mewverty 
to the westward. 

either of them appears in the Canfield sections, and this fact has 
erroneous views in regard to the general series. It has already 
hown that the Canfield cannel is the Upper Clarion coal, the 
of which is directly below the Ferriferous or Lowellville lime- 

All of the facta match to this interpretation. 

he duplication of the seam has already been described (see page 
It begins in the southern part of Canfield township, being well 
n John Ewing’s farm, where the interval that separates the two 
is is 8 feet of clay, but in the adjoining portions of Green town- 
nere are numerous examples of it. Mr. T. J. Wise, of Canfield, 
me the record of several borings on the farm of James M. Pettit, 
township, near the line of the railroad. One record is as follows: 


Ft. In. 
\ 111 [.170) +7: PRRRERPPRRPPPERFPPEREPR PEPELPERPLPPFFLEPFPEFFETFERPETTFPUELLEEREFFFRFERURFERRR 4l 
hip alate= Black... unsere aner 2 6 
Ark-gray GAGs, ecicccsscnceawesersanand anvaescdenhncncatsavadecssinavocsendons „10 
lack Slate... ae eee „4 6 
pal—Canfleld cannel seam ............ sscssee: sossnsmnsunsnnnsnennsnusensonene 8 5 
DPOHCIRY serie ~— 4 
bal—Sulphurous and impure ...........csscccsccsccecsccscscececessossccecs „38 9 
RE O-CIG Y seen rer Beeren - 2 


his lower coal was found to maintain the thickness here given for 
an acre in the center of a basin. It has never proved to be of 
table value. This may be the Lower Clarion coal, which is some- 
eparated from the limestone by as much as 20 feet in the Pennsyl- 
series, but it is more likely a local duplication. There is no 
le warrant for counting it the Upper Mercer coal, as has some- 
jeen done. The latter seam would need to be moved 80 feet out 
true horizon to take this place, but it holds its own place in the 
as is shown in the Leetonia borings, a few miles to the south- 
see page 35). 

he seam changes its character in the southern part of the town- 
nd below, becoming a bituminous coal, except for a sheet 4 to 6 
in thickness at the top of the bed, which is an impure cannel. 

he only considerable mine in the Upper Clarion coal in the county, 
e of the few in Eastern Ohio, is the one that is located at Cook’s 
ng in Green township. The seam is here less than 3 feet thick 
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in its bituminous portion, but the cannel block is also taken down in 
the entries. The coal lies on an uneven floor, the hills rising fully 20 
feet above the swamps. The quality is not high, and mining has not 
been carried on with any great profit. 

The seam is found here 29 feet below the grade of the railroad, 
and it does not rise to day again until the westward sweep of the valley 
of the Middle Fork brings it just above the water between Robbins’s 
and New Lisbon. Another seam is due above it throughout a consider- 
able part of the territory already traversed, viz., the Lower Kittanning 
coal. Its place is 30 to 50 feet above the Canfield cannel seam. It is 
not known on this line north of Green Station, where it is found 15 feet 
above the railroad. This seam has hitherto been mistaken for the Can- 
_field seam, which is always in its own place below the Kittanning coal. 
In other words, we have two seams of mineable coal south of Green 
Station, where, according to the system of naming the coals above 
referred to, only one is due. When the Kittanning coal receives the 
designation of No. 4, the Clarion coal has been styled No. 3, but why 
it should not have been called No. 3a is not apparent. The valuable 
section found at Walters’s mine, on the south line of Green township, 
has already been given (see page 33). At this point both the Lower 
Kittanning and Clarion coals have been worked together. 

The coal of the west side of Beaver township is certainly the Upper 
Clarion seam. The registers of two borings, cited by Newberry in 
vol. III, pp. 808-9, prove very interesting. They are as follows: 


ReGoister oF WELL on Samueı Bares Farm. 


Ft. In. 
1, Burface depoBiis::...-cesiseisssinscnnsenin dns 82 
2.: Band LOCK anne 34 
8: "Black GHG! 6 nahe 5 
4.. ‘Cannel: Cal nee u 4 6 
Bi. Black ahsle....neceusa ee as 1 6 
Gi. Finer Clay uns eu 14 
7. Fireclay Trocknen 17 
8. Gray shale with thin Coal..............cs--csscccsvesssccevece cesses secene 8 6 
9. Gray BBelly rock aa... ae 1 4 
DO. Graysbald. aaa „17 
11. Dark shale with thin Coal.............ccccsesccoscesccescccesvcecescseseees 8 
12. Very hard LOCK nn 1 6 
18. Brown BAG uns anne ne | 
14. Bireclay aaa 4 6 
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ray BRRlS.... rer 8 
ight sand röck..........000000005000000H0nnnsensen nennen sun enane 9 6 
ray Bald... een 5 
lack BD BIO ernennen 1 
TGS Fock secs cecniensineversecsteaweressneadessasers auevassbunsaeagvewescanees 1 8 
Dale easaeee „1 6 
und LOCK eur - 8 
Hilo TOGK nenne —_ 


Ft. In. 
ürtace dEpOBIB...0 0000er 80 
AT FOG ea 48 
lack BAIS aa. nn 8 
PATIO! COR) u.a 5 6 
slack shale ........ Scouasuauabed Bete Aiysacuaius (heiacs caveaeauweuseaneeasesens 1 
ral, very sulphurous ..................soo0nsonuse- osennonsnsnseonsnnonnnne 8 
Jark-gray Shald.... ek 8 
le een ie are =e 
lack ahald una aan 5 
End TOCE anna 10 
Tay. Shaly COCK nee 15 
TTay- BDald. ua en een 4 6 
Black shale...........sccccsccsees RN NEON under NAESU RIESEN SEO 4 6 
‚ol and ahald..a.. nun l 
IrOtlay unseren 3 
UIFO-CIay TOCK vvscsn sds ecicvcnvasusdantedcaiecstenerccvedenseteakns core senennaws 10 
PEAY BGC cs coicieecc sua ea 6 
BFOWN Band TOCK a ae BB 
PIPO-OIAY nern 1 
iG BANG COCK ee ee leitingeree 21 
Black Dinly Tork... una 1 
Black Shale u... une Seuadiaccacewesext 1 
BotLom FOCK ei — 


e light of the facts already given, these registers are perfectly 

unambiguous. In the first, the flinty rock, No. 19, is the 
ercer limestone, and the coal below it is, of course, the Lower 
al. No. 12, the “very hard rock,” is the Upper Mercer lime- 
1 Nos. 3, 4, 5 and 6 mark the horizon of the Clarion Upper 


1e second record, Nos. 21 and 22 indicate the Lower Mercer 
Nos. 13 and 14 the Upper Mercer, and Nos. 4, 5 and 6 show 
on coals in the same order in which the seam is found to the 
‚, No. 8 may stand for the Clarion Lower coal. 
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The intervals will be seen to match fairly well with the facts 
already recorded. They are as follows: 





1 2. 
Clarion Upper Coal ses 102 96 
Mercer Upper horizon ..........0.ssscsscsrcccssesce cesses sececccccessscocceecs 40 4 
Mercer Lower limestone ......:...cccccssesscesescscevesces:sesenevecsees Blase 0 0 


The horizon of the Block coal lies 150 feet below the “bottom 
rock,” so called. There seems but little reason to expect workable 
deposits of the lower seam so far within the field as this point, but no 
test of its presence has yet been made. 

The error of counting the Canfield cannel seam and the Leetonia 
coal as one and the same has extended to adjoining townships, and 
especially to Beaver and Springfield. The seam called No. 4, in Spring- 
field, is the Lower Kittanning or Leetonia seam, while both coals are so 
named in Beaver as they have been shown to be in Green. 

It is of interest to note that the largest and most important field of 
the Clarion coal in Ohio is found in this immediate region. Beginning 
at Canfield, it extends as far southward as New Lisbon. While the 
quality is inferior, it still makes an important contribution to the fuel 
of the State. The time will come when the nicer shades of quality will 
no longer be available, or when at least cheaper grades of coal will be 
sought for various uses. This seam may await a full development when 
these conditions are reached. | 


II. COAL MINES OF COLUMBIANA COUNTY. 


According to the census tables of 1880, this county held the 4th 
rank among the coal-producing counties of the State, its output for the 
census year being 541,466 tons, and 18 large and 16 small mines being 
reported. The general geology of the county has been quite fully 
treated in volume III, and the details of its more important coal fields, 
which are there given, can.be adopted in the present report, subject to 
the same rectification of geological order that has already been applied 
in the present report. | 
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yal seams of the county belong mainly to the Lower Coal 
nd are as follows: 


ek coal.—Salineville Strip Vein, No. 7. 
0 feet interval.) Mahoning sandstone, lower division. 


eeport coal.—Big Vein of Salineville, Teegarden coal, Rochester coal, 
5 feet interval.) State Line coal, Coal No. 6. 


eport coal.—Roger eeam, Whan coal, Coal No. 5. 
6 feet interval.) 


llanning coal—Hammondeville Strip Vein, Block Vein of Ohio Valley, 
Dry Run Vein, Darlington 

0 feet interval.) | .  capnel, sometimes No. 5, 
sometimes No. 4, No. 6 of 
Tuscarawas county. 


tanning coal.—Leetonia seam, Clay Vein, Potter’s Vein, and Sulphur 
Vein of :hio Valley, Creek 
Vein of Yellow Creek Val- 
, interval.) ley, No. 4 at Leetonia, ete., 
No. 8 in Ohio Valley, No. 5 
in Tuscarawas county. 


rion coal—Canfield cannel, Creek Vein at New Lisbon, No. 8 at Leetonia 
and New Lisbon, No. 4 in 
Mahoning county. 


six seams constitute the sole reliance of the county in the 
There are several thin and uncertain seams in the Barren 
bove the Salineville Strip Vein, the outcrops of which are 
' seen, but none of them is known to be mined, even in a 
nce. The Mercer horizon comes to view in at least one up- 
arate extent in the county which has its highest elevation at 
ywn, in the valley of the Little Beaver, and which may be 
White suggests, the Fredericktown anticlinal. Another 
ssibly a continuation of the same one, which has its summit 
st Liverpool and Wellsville, probably brings up the Mercer 
in neither case is the coal thus shown of any importance. 
bed of fire-clay that is worked at Walker’s Station, 125 feet 
sower Kittanning coal, is very likely the clay of the Tionesta 
ll events, it is not very far above the Mercer horizon. 
west of the coal seams named above, viz., the Clarion coal, 
onfined in its outcrops to the valleys of the Little Beaver 
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and the Middle Fork. Its chief economic development is in the lat 
valley. It has long been mined at New Lisbon, and for several mi 
above the town, where it is known as the Creek Vein. It is Newberr 
No. 3 in this region. It is reached in the Salem shaft at a distance 
44 feet below the Lower Kittanning coal, and was mined here fo 
number of years. It has also been mined at Walters’s Shart at Wa: 
ingtonville, and it is struck of good thickness in all of the drill-ho 
at Leetonia. Its place is well marked in the main valley, and also 
the East Fork, but the coal has no value here. 

Practically, throughont most of the county, the Lower Kittanni 
or Clay Vein coal constitutes the base of the coal series. That ı 
Clay Vein coal of the Ohio Valley is the Lower Kittanning of | 
Pennsylvania series does not admit of question. It is a demonstra 
geological] fact. 

Many deep borings have been made for oil and gas in the O 
Valley, but very little coal has been reported below this seam. I 
the second in importance among the coal seams of the county, rank 
below the Upper Freeport coal only. In quality it shows a wide ran 
furnishing fuel of unusual purity in the northern portion of the coun 
but becoming very sulphurous in the southern part. 

The Middle Kittanning coal is less valuable, relatively and ab 
lutely, in Columbiana county than in any other county of the State 
which it occupies as wide an area. It is less than 1 foot in thickn 
wherever seen through the northern and central portions of the cour 
and is nowhere opened here. In the Ohio Valley it is known as 
Block Vein, and as the Hammondsville Strip Vein, and ab 
East Liverpool as the Dry Run coal. Its quality is here so good t 
it is extensively worked in small mines, although its thickness ran 
between 20 and 32 inches, rarely reaching the latter figure. 

The Lower Freeport seam makes an important contribution to 
coal supply of the county. As usual, however, it is unsteady and ı 
certain. A very valuable basin of it was found near New Lisbo: 
number of years ago, which was known as the Whan coal. This ba 
is now exhausted. The seam is frequently worked in the southern p 
of the county in a small way. It is here known as the Roger Vein. 

The Upper Freeport coal is by far the most important seam of 
series. Its horizon is reached in every township of the county, and 
coal is mined in all but three of the townships. The two great min 
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yunty, Salineville and Palestine, depend upon this seam 
heir operations, though other seams are also worked. 
named seam completes the Lower Coal Measures, but 
ight well have been enlarged to take in the next seam 
Brush Creek coal of Pennsylvania, or the Salineville 
am which, though never attuining great thickness, is so 
ality and so steady in character that it has been worked 
n many counties of Ohio, but in no other section of the 
tain the importance that it possesses in Columbiana and 
28. 
work of the series has now been given, and a few state- 
added as to the special fields. We can advance with 
x the line of the Niles and New Lisbon Railroad, which 
followed through Mahoning county. 
s at Leetonia and New Lisbon have already been given 
nd XII), and they fairly represent the geology of the 
wnships of the county. In the northwestern corner of 
ever, the deposits of the glacial drift cover the surface, 
2 the bedded rocks to a considerable degree. The sec- 
1 the Yellow Creek Valley is shown in Fig. XIII, and 
all the lower portion of the county, except that 300 to 
Barren Measures come in above the summit of the 
sures in that district. 


Tug LEEToONIA FIELD. 


= 


iia coal field is an important one. It covers, not the 
ll things considered, the most valuable deposit of the 
ing coal in the State. - The boundaries of the field, so 
en fully tested, are not wide. On the northward, as we 
sn, it does not extend beyond Green Station, being cut 
t, apparently, by the descent of the Lower Freeport 
the west it is found in fair volume and quality, as far at 
within the limits of which a shaft has been sunk to the 

It thins out rapidly to the southward, and is scarcely 
le volume again until it is followed beyond New Lisbon. 
it has not been fully proved, but there are several facts 
rd a valuable extension of the field in that direction, 
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the coal growing somewhat thicker, and holding its good charac 
several miles beyond Leetonia. 
The section that includes the Leetonia coal is as follows: 


FIGURE XXV 
SECTION AT LEETONIA eENcLoswNc c 
Vertical Scale. 5ft.= liach. 


Shales wibh Kidmeys of Öve.. == 
Black Sholes_—- == 
Shales with ote === 
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Plate ok ov ote == 
Leetonia Goal lensing Seal 
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m 1 
1. Shales, with numerous kidneys of OTe ........cccccssssssssesseesssnees 8 
2. Black slat@scssecescnccescicesssecsassccevesscesesvecsvenss rue 2 
8. Shales, with kidneys and plates of OFe.........ccccessssersssesssereee GJ 
4. Leetonia (Lower Kittanning) coal............sssseseses 2ft.4in. to 2 
Ds. BIPG-ClAY cn ee 2 
6. Limestone—Non-fossiliferous ......... 0000 cone cesses s seeseres en OO 


Clay. 
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nove No. 1 of the section are abundantly charged with 
re. The horizon is almost everywhere ore-bearing. 
mportant single source of the ore that is found in the 
yf the Middle Fork Valley, and which has been mined 
at and near New Lisbon. The Black slate, No. 2, is 
nt accompaniment of the coal, sometimes rising to 15 
ckness. No. 3 often furnishes continuous seams or 
ch sometimes become a Blackband ore. 


found in two benches, as indicated in the figure, the 
is much the purer. The upper bench often becomes 
-like, and must then be rejected. The bottom coal, 
led the smith coal, is a cementing coal of pronounced 
je upper bench never has this quality. The coke 
m the Leetonia seam holds a high place among Ohio 
strength and purity. It has long been manufactured 
for the use of the furnaces of the Cherry Valley and 
. Works that are located here, only the lower bench 
his purpose. The bottom coal is also an exceptionally 
ling-mill use. It burns with a bright blaze, and gives 
kly. No coal in the State is more highly approved as 


c use the seam is not quite as well adapted, but as a 
in takes high rank. The top coal is mined with the 
ad use, the character of the product being notably im- 
The principal drawback to the seam for domestic fuel 
mines small. The coal is rather weak in texture, and, 
ithout powder, nearly one-third that comes from the 
through a screen, the bars of which are § of an inch 
nly the bottom bench is worked, a still larger propor- 
l. Where coke-ovens are connected with the mine, . 
itute no drawback, but they bear directly upon the 


and largest mines at this point are the two connected 
Valley Iron Works, one of them being located at the © 

other at Washingtonville. These mines have been 
reat skill.and success, and furnish a lesson of great 
ite in showing that low coals can, even under present 
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conditions, be successfully taken out, if the work is wisely ordere« 
particularly if the character of the coal is high enough. 

The following analyses of the Leetonia coal and coke bear a 
that has been claimed for them, and more. Both mines belong 
Cherry Valley Iron Works: 


1. Analysis of coal from Leetonia mine eek nitne Lord 
2. Analysis of coal from Washingtonville mine ..............ccccccccsees = 
3. Analysis of coke from No. 1 ......ccccccccssescsoecss ssonunnonnnenennsnnnnees = 
4. Analysis of coke from No. 2.........scscscssccsscceccrscscccccccvecccccssoness ais 
1, 
Molsture energie 3.80 
Volstile matter un. ae 37.86 
IKOO CArDON aa s seacivaveciiecasgiastese taiaeieesweceensueanndcasenes couesens 56.14 
ee ee ae 2.40 
100. u 
Salphür nannte 0.82 
3. 
ABI EEE EU EUR HERREN AB PENDEL RES SOEE UNSER EUEUEERRER TE 8.47 
STU unseren 1.08 


These are remarkable results, and they place this little seam a 
at the head of Ohio coals as far as quality is concerned. 

Walters’s mine at Washingtonville is now a railroad bank, fu 
ing 300 tons daily for use in locomotives. The coal is counted s 
only to the.Pittsburgh coal for this use, where it has been tried. 
seam is here a trifle stronger than at Leetonia, the measure rising 
inches, all told. The increase is in the top bench, the quality of 
improves as it thickens. The present price of mining is 95 cen 
ton, for the coal that passes over a $-inch screen. The present 
for mining the coal when weighed as it comes from the bank-car: 
cents. These facts are of interest, inasmuch as the Leetonia coal 
thinnest coal now worked in the large way in Ohio. 

About 400 acres of this seam at this thickness have already 
worked out in the Leetonia and adjacent Washingtonville mines. 
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ynia field embraces also the Clarion coal, which exists in 
} and within easy reach throughout the whole neighbor- 
ne seam known as the Canfield Cannel coal at the north- 
1e of the coals designated as No. 4 by Newberry. 
hed by a shaft at Walters’s mine at Washingtonville at a 
feet below the coal last described. It was worked here 
but though the volume of the seam is large enough, its 
rally poor. It is shown in every record of the borings 
nia. It is what is called a “dirty” coal, many slate- 
ting its continuity, and it also carries pyrite or “sulphur” 
at, both diffused and concentrated. It is fairly high in 
nd in heating power is not inferior to the Leetonia seam, 
dency to run on the grate-bars, and makes “clinker” in 
Its floor is uneven, but there are not many “ wants” in 
' seam climbs the hills of the mine in fair volume, being 
+k coal seam in this respect. It is very regular through- 
st, which holds almost the only valuable deposit of this 
te. 
:d at Franklin Square or Armstrong’s Station, just south 
here it is reached by a short shaft, and also at Maurer’s 
orth of New Lisbon. The characteristics already given 
16 mines that are now worked. The geological relations 
id the elements with which it is directly associated, have 
ully described. The fossiliferous black shale, that so 
he Ferriferous limestone, is well shown here as the cover 
The Leetonia seam has lately been opened at this point, 
than at Leetonia. 
isly stated, the Leetonia coal extends at least as far west 
1as been reached by a shaft within the limits of the town. 
the shaft is a valuable one, and is repeated here from 
125: 


Ft. In. 
EEE SUTOLTETOEREVENEHAEENEINGEN 97 
aly sandelond... cn nennen 9 0 
IHRE: een 1 6 
MD ERS PERLE cucu taawebeseeuetssesvecensees: 0 6 
DIG nano -89 0 
Dale. nit 20 6 
Deals. einen 21 4 
ja BORD anne „2 86 








192 ; GEOLOGY OF OHIO. 


Ft In. 
Di. IO CMY ea een mahnte reise 1 9 
10. - Gray sandstond.u...:. nein 15 
11. Clay Gale asus nee „8 6 
12... Gray aandy GHGS 2. ua 20 8 
13. Blue calcareous coal with shells................scccccsscosscscscccecoece 2 0 
14. Coal with 2-inch parting, 1 foot from bottom.. ......... «zesssensen 5 0 
15.: FPG CMY sea FERNEN RER 1 9 
16. White sandstone...... .....scscccresescse cesses « arg 6 8 
V7 5 Olay Ebald. 0... era - 78 
18. Black whale u... sonen 2 OD 
19: Dates: 1 6 
BOs: "Firelay. ann ran 2 3 
21. Iron ore ...... I Masao spactensve cee cepteneneuuucectnerienusacbonecss ar. U 
22... BRBld. needs 13 8 
28.. ‚Dark Bandrock u nn 6 7 


The elements that deserve special notice here are the following, viz. 


Nos. 8 and 4. Lower Freeport coal. 

No. 5. Lower Freeport sandstone. 

No. 6. Covering horizon of Middle Kittanning coal. 
No. 8. Leetonia or Lower Kittanning coal. 

No. 9. Kittanning clay. 

No. 18. Ferriferous limestone horizon. 

No. 14. Clarion coal, doubled as elsewhere. 

No. 19. Lower Clarion coal ? 


The analyses of the two benches of the Leetonia coal, No. 8, and 
also of the Clarion or Canfield coal, No. 14, are given in Newberry’: 
report in vol. III, and may profitably be repeated here. They are a: 
follows: 

1. Lower Bench, Leetonia seam in Salem shaft. 


2. Upper Bench, Leetonia seam in Salem shaft. 
8. Clarion coal (Canfield Cannel seam), Salem shaft. 























1 2. 8 
Moisture. au. su 8.00 2.60 2.2 
Volatile combustible matter .............0.cceccssscssscesseenes 81.50 3640 36.0 
en a cicteieces tess eaaesieeienesietsnten cece: 62.86 | 58.80 | 57.4 
igh cpcepcesseecyetecatvicts beasts doses HENUEETEEENNEREN.ENE 816 | 70 | 44 
100. | 100. | 100. 








Sulphur ......ss0ssseeseee Bacacads cues gueuresasssaunucesteenseses 1.40 2.28 4.3% 
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ysis of the Leetonia coal and coke has been already given, 
mpared with these results. 
ion coal, as shown in No. 3, appears to unusual advantage. 
ie high percentage of sulphur, it would seem to be a first’ 
t the analysis is too favorable, being probably made from 
les. 
of facts brought to light by the several well records at 
be borne in mind in this connection (see pages 35 and 36). 
tonia field includes the New Albany coal of Green town- 
ng county, where the seam reaches its best development. 
been worked here for the supply of the adjoining county, 
r for the town of Salem. 
southern portion of Salem township, and also in Centre 
find the Freeport coals and also the Brush Creek coal 
the section. The Upper Freeport coal gave a flattering 
.e Shelton and Arter farms, and was opened there a number 
with great expectations. The coal was 7 feet thick on the 
it soon ran down to 3 feet, and was left at 24 feet a short 
r the hill. It averages about 4 feet in the neighborhood, 
orked, though not in large mines. The Brush Creek coal 
r farm is found 38 feet above the Upper Freeport, but a 
e below a seam is opened only 12 to 15 feet above the Big 
ther this is the Brush Creek coal or one of the irregular 
metimes occur at the Upper Freeport horizon, cannot be 
The series shown in this immediate vicinity is as follows: 


BOK 0081. nen Newberry’s No. 7. 
Bt. 
eeport coal— Big Vein ........cccccescssccrscevescccees Newberry’s No. 6. 
at. 
eeport coal— Whan seAM...........sscecee recess eccees Newberry’s No. 5. 
pt. 
ittanning coal— Leelonia seam............ BERNER Newberry’s No. 4. 
et. 
arion coal—Creek Vein.... .csessscscsscscesscscccssees Newberry’s No. 3. 


er elements that are due, and especially the limestones, all 
r places with regularity. The Upper Freeport or White 
it is here designated, is a constant and conspicuous stratum. 


Freeport limestone is mined on a large scale in this imme- 
G. 
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diate vicinity as a cement rock. Finally, the Ferriferous limestone 
found covering the Creek Vein coal in numerous sections. It is bl 
in color, not more than 3 feet thick at any point, and charged wii 
characteristic fossils. | 

Of the five seams named above, the second and the last furnish a 
the coal that comes out on the railroad between Leetonia and Ne 
Lisbon. Three shipping mines are opened on the Big Vein, and oı 
on the Upper Clarion seam.. The former are named the Wolf Ru: 
Shelton and Maple Hill mines; the latter is known as the Rock Hi 
mine, and belongs to the Niles Mining Company. The coal of the B 
Vein is of the usual character, a strong and serviceable fuel, wit 
rather a high percentage of sulphur. Thin seams of shale occur : 
irregular intervals, which increase the ash of the coal at times beyor 
the usual limits. 

The coal of the Rock Hill mine (Upper Clarion or Canfield Ca 
nel) is highly cementing, and ranges in thickness from 2 ft. 6. in. ı 
3 ft. 10 in. It is without regular partings. It isa “hilly” seam, tl 
floor being very uneven. Above the coal is a “draw-slate,” 8 to 12 i 
thick, black and highly fossiliferous, and charged with cone-in-con 
This slate represents the Ferriferous limestone in numberless sectior 
throughout the region. The coal contains large balls of pyrites, of th 
kind known as “black sulphur.” These masses are sometimes 12 
14 inches in thickness, and weigh many hundred pounds. The fire-cla 
beneath the coal is of excellent quality, and has long been worked i 
this vicinity. It ranges from 1 ft. 6 in. to 4 ft. in thickness, Unde 
the clay the seam of coal that has been shown in so many other instano 
occurs. 

At one point in the mine, in digging a “sump,” this lower sea 
was found 20 inches thick. The coal, however, is poor, and it is neve 
taken out. 

The mine is entered by a slope, the coal lying at and below th 
level of low water in the creek, and under a heavy hill. On accom 
of its situation and character it accumulates fire-damp, and one of th 
most destructive explosions of Ohio mines occurred in it a few year 
ago. Since that time it has been under more careful management i 
this regard. 

The section that includes the coal is an interesting one. It i 
shown in Fig. XX VI. It requires no comment. 
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FIGURE XXYVA 
AT ROCK piu MINE, ROBBINSVILLE. 
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Tne Lower Freeport limestone is worked on quite a large scale 
mile below the point last named as a cement rock. It lies 68 feet abov 
the Lower Kittanning coal. The Lower Freeport coal is but a fey 
inches thick at this point, being cut out by the Upper Freeport sand 
stone, which rests directly on it. It is 7 feet above the limestone, o 
75 feet above the Kittanning coal. The sandstone has a thickness o 
18 feet where it is shown. A fire-clay of some promise often comes i 
at this horizon. 

From New Lisbon perfect connections can be made, by means o 
the Freeport coals especially, with all the other sections of the county 
The whole series can in fact be followed along the sides of the dee 
valleys that traverse the county. 

Two miles below New Lisbon the Lower Freeport seam was mine 
a number of years since under the name of the Whan coal. The coa 
had an excellent reputation, and was of good thickness, ranging from - 
to 5 feet, but the field proved to be very limited, and it has been worke 
out. The main reliance of Elk Run, Middleton, and St. Clair town 
ships is the Upper Freeport coal, which is opened in many farmers 
banks. It holds its usual character throughout the region. 

From the .main valley of Little Beaver we can follow the sectio! 
with which we have been engaged, in whole er in part, in three direc 
tions, viz., southward into the Ohio Valley, and through this to th 
Yellow Creek Mining District, of which Salineville may be taken a 
the center, westward by the West Fork Valley to Millport and Rocheste1 
and northward by the East Fork to the East Palestine and State Lin 
coal fields. . 

The first and the last of these localities constitute the most im 
portant mining centers of the county, and are among the most importan 
of this section of the State. They will be briefly described. 


THE East PALESTINE AND STATE LINE COAL FIELD. 


The Ohio portion of these mines is included in Unity townshij 
Two seams contribute to the production, viz., the Upper Freeport an 
the Brush Creek seams, Newberry’s No. 6 and No. 7 for this regioı 
The former is by far the more important, being at present the onl 
seam worked. Two mines are now running at this point, viz., the Stat 
Line mine, and the, Prospect mine. The whole output of the forme 
goes to the Pittsburgh, Fort Wayne and Chicago Railroad. It employ 
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id sends out an average of more than 650 tons daily. The 

mpany is about erecting dumps for the supply of their 

his point. 

am has a general thickness of 3 ft. 8 in. in this field. The 

1 found in the State Line mine is 3 ft. 4 in., and the thickest 
The quality proves best where the coal is thickest. The 
the seam is as follows: 


FIGURE XIV 


STRUCTURE OF UPPER FREEPORT 
DAL (i86 OF NEWBE RRY ) AT. STATE LINE 
(INE, EAST PALESTINE . 
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the coal strengthens, it is generally the upper bench that is 

Great differences in the quality of the coal are found in 
rtions of the mine. Like the Upper Freeport seam every- 
hio, the coal, although it can be mined in large blocks, is 
under handling. The upper bench is traversed by a great 
ate and sulphur binders, which are irregular and inconstant, 
make an element of weakness in the coal. The cleavage is 
narked, and all of the workings are carried in upon its 
e frequency of the joints contributes to the weakness of the 


4 of the coal goes through a screen of 1% inches between 
)f this fine coal three grades are made, viz., No. 1 or nut 
‚large pea coal; and No. 3, small pea coal. The nut goes 
ıp coal into the railroad supply. The pea coal, after being 
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washed and sifted and divided by an ingenious method, adapted by th 
Superintendent, Hugh Laughlin, goes out. for rolling-mill use, and fo 
stationary engines. It makes a cheap fuel, but a considerable part c 
the impurities of the coal gravitates to it. 

For domestic uses this coal cannot compete successfully in th 
markets of Eastern and Northern Ohio with the excellent seams ths 
are there counted the standard fuels, but for steam purposes it rate 
deservedly high. The subjoined analysis shows it to be a stron 
heating coal, not excessive in ash, but rather high in sulphur. It 
physical rather than its chemical qualities rule it out of competition fo 
household fuel. 


ANALYSIS OF CoaL FROM STATE Line Move. (Lord.) | 





Moisture. ... ...... ee OEL saseesdonadeipeiueednawustoeecsbien peleees 2.) 

Volatile matter ...........cs.scecesssees ee een EEE EEE RENEERTESSERSRER - 80. 

Fixed carbon . .sssssssessssss sessssssesssssevsssssssssssssesssessees EBENEN PINERIEENNER 68. 

Bibi a ann een 5. 
Totale 100 

SUPhUr stad cuca cavoateudsonnvsddancedcsatoun cance varyunessssevsecunnouseetseevereeiauvessaees 2 


This result is entirely in keeping with the other analyses of th 
seam in this portion of the State. 


The mine is level free, and was one of the first in the State | 
introduce an endless chain for drawing out the bank-cars. The cab 
now runs in 1% miles from the mouth, and some entries are worke 
fully 14 miles beyond the termination of the cable. Mule power woul! 
be entirely inadequate to the present output under present condition 
The seam yields a little less than 2,500 tons of clean coal to the acr 
and somewhat more than an acre is worked out every week. 

The cover of the coal is a black slate 2 or 3 feet in thickness, ov: 
which a moderate development of the Mahoning sandstone is general 
found. The protecting slate is sometimes cut away, to the detriment : 
the coal whenever it happens. 

The Upper Freeport limestone constantly accompanies the cos 
being separated from it by about 2 feet of fire-clay. The limestone 
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' as a continuous bed. The clay which is taken up in main 
ilized in potteries located in town. 

enious automatic weigh-box has been contrived for the mine 
erintendent, Mr. Laughlin. By means of it one man can 
tons a day without rising from his seat. 

ine is one of the largest, and one of the most economically 
fully administered in the State. 

ospect mine of H. Suthern is worked in the same seam, and 
trictly continuous with that of the State Line mine. 

eld is near the northern outcrop of the Upper Freeport 
vast body of coal stretches away to the south and southwest 
1 a continuity, that is broken only by eroded drainage chan- 
occasional “ wants” of the seam. 

ious throughout this territory with the Upper Freeport 
vith almost equal area, since the interval that separates it 
rmer is but 50 feet, the Brush Creek coal (No. 7 of New- 
is district) is found in a seam of excelient character. It 
inges in thickness from 2 ft. 4in. to 2 ft.6in. It is an 
eam when it does not exceed these limits. Sometimes it 
em for a time, and in such case a thin parting generally is 
the bottom. It is the same seam that is worked at Saline- 
the name of the Strip Vein, and at Linton under the name 
f Vein. It has been worked here quite largely on the - 
yperty, but operations in it are now discontinued. It yields 
nilling coal, but the thinness of the seam works against its 
ess. The coal of this horizon is almost everywhere more 
med than that of the Upper Freeport seam below it. Its 
represented in the accompanying figure : 


FIGURE RUM 


STRUCTURE OF BRUSH CREEK GOAL 
7 OF NEWBERRY) AT EAST PALESTINE 


ack Slate_________ = 
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THE SALINEVILLE FIELD. 


Salineville constitutes one of the older and more important mining 
centers of the State. It has been for 20 years a prominent contributor 
to the Cleveland market, and it is certain to continue a leading source 
of steam coal for Northern Ohio for an indefinite period. 

The true order of the series is well shown by Newberry in hi: 
several reports upon this section of the State. He followed the upper 
portion of the Ohio River series over the low Salisbury anticlinal t« 
their fine development in the Salineville field. A question was by 
sufferance counted an open one by him for a while, as to the prope: 
name and place of the coal seam of the Empire mine, but the identifica. 
tion which he provisionally made has been proved true. The Big Veit 
of the Farmer bank has been worked through to the Ohio and Penn. 
sylvania Company’s new slope, south of town, and this in turn has beer 
followed directly into the Empire mine, about which the question wa: 
raised. The Empire coal is the Big seam. 

The two main coal seams of Salineville are therefore what New- 
berry pronounced them to be, viz.,.the Upper Freeport (Big Vein o: 
No. 6), and the Brush Creek (Strip Vein or No. 7). Below the Upper 
Freeport the Lower Freeport or Roger seam is often found, but it i: 
not invested with great economic interest in this immediate district 
. though it is worked at a few points. 

The Upper Freeport seam (Newberry’s No. 6) of this region i: 
thoroughly characteristic in its mode of occurrence and quality. It i: 
the “Big Vein” of the district, its normal thickness reaching 54 or € 
feet. It has a single shale parting of 1 or 2 inches in thickness, from 
12 to 18 inches above the bottom, just as at Palestine, and the irregula: 
“binders” of slate and pyrites that mark the seam elsewhere are alsc 
abundant here. The structure is represented in the following figure. 

All of the statements made in regard to the physical and chemical 
properties of the Palestine coal can be repeated with regard to this 
seam at Salineville without modification. Consequently, the statements 
that were made as to adaptations and uses in that field are found true 
in regard to this district as well. 

The Salineville coal is a steam coal almost exclusively. Its high 
percentage of fixed carbon makes it efficient in heating power. 

It is coming into extensive use as a railroad coal, and bating a 
possible tendency to smut the flues of the locomotive, it is well esteemed 
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MEURE KKK 
TRUCTURE DF UPPER FREEPORT 


DAL (N?6 OF NEWBERRY) OR BIG 
EIN AT SALINEVILLE | 
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m the more troublesome form of “clinker.” The railroad 
w running lump and nut coal together. 


t coal is used to-a small extent in rolling-mills, and some 
is coked at Salineville, but the quality of the coke fits it 
purposes only. The coal is not largely used for domestio 


ral of the mines the slack is now washed, and a marketable 
a coal is secured. The rapidly developing economy in the 
e products of the mine is to be regarded with great interest 
It does not come too soon. 


mposition of the coal is fairly well shown in the following 
rd) of the coal of the Hussey Bank of the O. & P. Co.: 








202 GEOLOGY OF OHIO. 


Molsture anne 2.82 

Volatıle matter... u. 39.08 

Fixed carbon 2... „ 52.78 

Aue ee ee 58 
Totale ee 100 

Bulphur u... 2.88 


There are seven mines in operation on the Upper Freeport coal : 
Salineville, with a daily capacity of over 1,200 tons. The territo: 
immediately adjacent to the town is nearly exhausted, not less than 6( 
acres having been already worked, but a noble body of coal is no 
being proved, and in part developed to the northeast of the town ¢ 
both sides of Tidball’s Run. Enough proving has been done to wa 
rant the statement that the supply for a long term of years is to | 
found in this field. It will be attacked from the valleys of the We 
Fork of Beaver as well as from Yellow Creek. 

The Salineville Coal Company is advancing into thie new territo! 
through coal fully 6 feet thick. On the west side of its property, ne: 
the railroad, the coal is low, not yielding more than 3 feet, but the sea 
is at its best as it is followed north and east. Where the coal is thi 
it is the bottom bench that is wanting, contrary to the usual experienc 

Salineville thus appears to be located near the southern rim of tl 
particular basin of the Upper Freeport coal, to which it gives its nam 
The coal runs down rapidly in height to the southeast of the villag 
becoming too thin for mining, within 3 miles. It does not recover i 
thickness in this direction until it nears the Ohio River, where anoth: 
but smaller basin is reached. It also loses thickness to the west, haviz 
been opened but abandoned in Fox township; but to the southwest, : 
to the northeast, it holds its volume. The axis of the basin is thus see 
to extend in a northeasterly and southwesterly direction from Salin 
ville. The Manufacturers’ Coal Company holds coal of good thickne 
as it advances in the latter direction. 

The coal of the Big Vein is sent to market after having be 
passed over 1} or 14-inch screens. From # to $ of the coal that 
brought out of the mine comes out as nut and slack. Over an inch ar 
a half screen, the best mining will lose 4 of the coal. The coal 
blasted, but the quantity of powder used is not excessive. It wi 
probably range at about 3 cents to the ton. 

An effort has recently been made to utilize the slack of the sea 
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facturers’ Coal Company’s mine, by coking it. Two grades 
: been produced—a soft coke, designed for house fuel, and a 
, turned to uses in which sulphur and other impurities 
e particularly objectionable. 

t coke yields of ash, 14.07; sulphur, 2.73. 

rd coal gives the following results: Ash, 17,47; sulphur, 


io and Pennsylvania Coal Company is also making an effort 
ion of the utilization of the slack by washing it, and send- 
yea coal that answers a fair purpose as a steam fuel in 
agines. = = 
fand floor of the coal are both characteristic in all respects. 
Freeport limestone is less conspicuous here than elsewhere, 
ct that several other limestones of the same character are 
ped in this district. 

rip Vein or Brush Creek ooal of Salineville has always 
excellent reputation in the markets which it reaches, and 
:on it fully deserves. It is a harder and purer coal than 
in, and has been turned to different uses. It has always 
' approved as a milling coal, and it makes also a good 
el. Its average composition is shown in the following 
the coal from the Anderson Bank of the Manufacturers’ 
ny (Lord) : 


erneuern 8.26 
MIAtter een 87.49 
ITDON Assassin hen ae „ 68.74 
sehve ee Aires {OLDE 
Total use MEN EEE UEEU ONE 100.00 
IDDR nee 1.21 


igures stand for an excellent coal in all respects. 


am ranges in thickness from 2 ft. 6 in. to 4 ft., but it is 
3 feet seam. When it does not exceed this measure it is 
ndivided, and is equally good from top to bottom. But in 
measures a lower bench comes in, that is an addition to the 
asurement mainly, for its coal is sulphurous and impure. 
ed it has the bad characteristic of “running on the grate.” 
bench serves, however, for “bearing in,” and thus affords 
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somewhat more large coal from the main seam. The structure is repr 
sented in Fig. XXX: 


FIGURE XxXA 
STRUCTURE OF BRUSH CREEK COAL 
(N27 OF NEWBERRY) OR STRIP VEIN 
AT SALINEVILLE. | 
Rack Slote___________ == 





There have been already about 400 acres of the Strip Vein work: 
out in the immediate vicinity of Salineville. At present five mines a 
in operation with a capacity of about 500 tons daily. 

The work now done, however, is small, and with the present sta 
_ of the market, the seam could not now be opened. It is only whe 
the plant is already made that the working of the seam goes forward. 

It is claimed that the clays and rock between the Strip Vein a1 
Big Vein prevent the unwatering of the Strip Vein by the withdraw 
of the lower seam. If this claim is well founded, the upper coal cı 
abide its time, but if the water is gradually lost, the air will follow aı 
take its place, and will thus greatly deteriorate, if it does not destro 
the value of the unworked seam. . 

The seam holds a large area throughout the district of whi 
Salineville is the center in Columbiana, Carroll, and Jefferson counti 
This is the region of its best development in Ohio, and the only regi 
in the State where it is mined on the large scale. Its general thickne 
in the county outside the Salineville field is 30 inches, but it is almc 
everywhere a strong, clean coal. 

The Roger or Lower Freeport coal has been named as an’eleme 
in the Salineville district. Its horizon is not generally reached in t. 
immediate vicinity of the town, its normal place being about 40 fe 
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Jpper Freeport coal at this point, but as the latter seam rises 
basin along the line of the railroad to the southeastward the 
comes to day, and is in good condition. It isa very bright and 
ppearing coal, 3 feet or more in thickness. It has been tried 
Cleveland and Ravenna with at least moderate approval. 
1ade from it was not the strongest. The coal was last opened 
tchins, of the Salineville Coal Company. 

t has Jately been sunk to the Roger coal by the Columbiana 
any near its Strip Vein mine, above Salineville, but the 
f the seam is understood to be below 30 inches, and this fact 
its being worked under existing conditions. The quality of 
herever reached about Salineville is fair. 


e west side of the county, along the line of the Cleveland 
urgh Railroad, there are several small mines in the Upper 
yal. They find their main office in furnishing a local supply 
nborhoods around them. 

am is well shown at Wm. Somerville’s mine near Rochester, 
as long been worked in the way already described. It is 
ady in thickness, suffering always when reduced from the 
f the overlying Mahoning sandstone. Where normal and 
1 it affords the same section as at Salineville, viz., 4 feet of 
hes of slate parting, and 12 to 16 inches of bottom coal. 
ter of the coal is also the same as has been already described. 
10ld use it cannot compete on equal terms with the Kittan- 
‚hat lie 100 feet or more below it. 

me seam is also mined at Moultrie, a few miles further north, 
ame general conditions occur. 

' southeastern corner of the county, along the river front, in 
ind Yellow Creek townships, a good deal of coal is mined in 
y. The seams that contribute to this supply are mainly the 
Middle Kittanning and the Lower Freeport seams, or New- 
. 3, 4 and 5 of the Ohio Valley series. 

ower Kittanning horizon is by far the best known and most 
of the entire series, not, however, on account of its coal, 
ery impure, but on account of the great bed of fire-clay that 
rectly covers, and which is the basis of a business of great 
1 importance throughout this part of the Ohio Valley. 
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Where the clay is mined, the coal is secured at little additional outla; 
and consequently more of it comes to use than would be worked on it 
own account. Its quality here is generally very poor. It runs belo 
3 feet in thickness. 


The Middle Kittanning is a thin seam, ranging from 20 to 32 inche 
in thickness, but its quality is excellent, and it is consequently muc 
sought for. Dry Run, above East Liverpool, is a locality from whic 
a large amount of this seam, thin though it is, has been taken eu 
The coal is bright, strong and clean. It mines large, and is consequent! 
known as the “Block Vein” quite widely. It is the main reliance c 
the adjacent country for household fuel, for which purpose it is happil 
adapted. 

The Fredericktown Anticlinal lifts this series a good deal abov 
the river at Liverpool, and as far as Wellsville. The Dry Ru 
coal is not largely worked in this space, though it is generally found 
Openings to it have been made on almost all of the farms. At Liver 
pool, the Lower Freeport (Roger) coal is found in moderate develop 
ment, and has been worked for a long time. The seam is but 30 inche 
thick, but its quality is fair. The following section is obtained a 
Liverpool : 


Ft. In. 
Upper Freeport limestone............seccccscesseees 8 
Intervallen 45 
Lower Freeport coal..........scssscsssescsceccsssces . 2 6, Ephraim Huston’s bank 
Intervall... nina: 18 (2) : 
Upper Kittanning coal (?) 18-inch seam........ 1 6 ; 
Interval. nein 47 
Middle Kittanning coal—Dry Run sean ...... 2 
Intervallen 27 
Lower Kittanning coal—Clay Vein ............. 2 
Kittanning clay ............ceccecssecssrcccerceees 8 
Interval to river, ADOUL.........cccceccccceesenes 200 


The same seam is mined by Riley McKinnon, by Basil Sims 
Phanuel Sims, and by Martin, Fisher, James, and Golden at differen 
points along the valley. 

Several mines are opened in the Upper Freeport seam, two mile 
back of Wellsville. One of the largest is on the McGough farm. Th 
section is.as follows: | 
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Ft. 
i Bandslona. a. — 
TOODOMt CORI «screen einen 
ORY ra une 4 
reeport limestone—in tWO COUFHOB......... esses sccceoeee 6 
Velen 107 
Kittanning COR! seis cisiciacecsadasccssentucdevosesscnscesnensser 24, mined 
PVG icsicnccapienevandancaiy sancaeneiascoetecetssaeetseweieunenariie 22 
ittanning coal—Olay Vein ...............ccccsseescssveeees <= 


also mined in this township by Wells, Hippett, Plunkett, 

thers in the several seams already named. 

eral conditions of the coal supply of this part of the valley 

ed from the descriptions now given. 

dleton township the Upper Freeport coal is the only seam 

. There is a large area of this coal, and the seam meas- 

nd over. It is mined at present most largely for neighbor- 
by George Burson, Eli Guy, Uttondall Durk, and Jasper 

l these parties reside near Achor. 


COAL MINES OF JEFFERSON COUNTY. 


wer coals of Jefferson county are closely connected in 
; with those of Columbiana county already described. The 
. same, and many of the elements can be described in the 


| seams to be considered here are the following: 


ek coal—Groff Vein of Linton, Finley coal of Wills Creek, Coal No. 7 
of Newberry. | 

3eport coal—Diamond Vein of Linton, Big Vein of Hammondsville, 
(Wanting in Ohio Valley,) Coal No. 6 of New- 
berry. 

eport coal— Roger coal of Hammondaville and Ohio Valley, Shaft seam 
of Steubenville, Coal No. 5 of Newberry. 

tanning coal—Eighteen-inch seam, seldom opened. 

ttanning coal—Block Vein, Strip Vein of Hammondaville, Coal No. 4 
of Newberry. 

tanning coal—Clay Vein, Potter's Vein, Sulphur Vein, Creek Vein, etc., 
Coal No. 8 of Newberry. 
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The records of the Wellsburg and Brilliant gas-wells that hay 
been drilled within the last year will add to this series, if they a 
accepted, a 6 feet seam of coal that was reported as passed throug 
about 450 feet beneath the Shaft seam. The value of the recor 
depends on the care with which they were kept, and the discernmeı 
with which the work was followed. Without more knowledge ths 
is now in our possession, it would not be safe to identify this sea: 
as the Sharon coal of the general scale. It can, however, be said th: 
the reported coal is just about where geology would locate this botto: 
seam, if required to find a place for it. The intervals would range : 
follows: 


Lower Freeport coal—Shaft seam. a 
Intervall. nun 100 (90 to 120 ft.) 
Lower Kittanning coal. 
Interval...... PER siopheessae caceeeeaseieeseeasatiesessisiaees 50 
Ferriferous limestone. 
Intervall. eek 300 
Sharon coal. 


The good faith of the record is not questioned, but so anomalo 
are the facts reported that judgment may well be suspended until tl 
claim shall be rendered more probable or less so by the rapidly accum 
lating facts of the same order. A basin of Block coal under the Fre 
port, and even under the Pittsburgh coals would be a fact without 
parallel in our geology so far. 

In regard to the Lower Kittanning coal in Jefferson county, nothir 
needs to be added to the statements already made as to this seam 
Columbiana county. .All the facts and conditions reported there a 
exactly duplicated here. The clay is very extensively worked fro 
Port Homer as far down the river as Toronto (Sloan’s Station), an 
the coal comes out to some extent with it, but it is never valued high! 
nor would it often be sought on its own account. 

The Middle Kittanning coal (No. 4 of the Ohio Valley, and No. 
of the Tuscarawas Valley) has been worked at but a single point: 
the county to any considerable extent. It constitutes the Strip Ve 

Nore.— Since writing the above, Albert Smith, who is drilling the gas-well for the Jefferson Ir 
Works at Steubenville, has informed me that he kept close watch when passing this horizon, & 


found a considerable bed of black slate at a depth of about 650 feet, but nota particle of coal. | 
found no coal, in fact, below the Clarion horizon. 


Alurmal Alf ara * 
’ N 
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dsville, and despite its small measure, it was for a number 
rked quite extensively, on account of the very hard and 
oduced from it. 

mmondsville coke outranks all Ohio cokes in these respects, 
gh in ash and sulphur. The manufacture has dwindled to 
proportions now, but the output of a handful of miners is 
t to the ovens. 

al does not exceed 30 inches in thickness, but it is very 
trong. In ash it runs rather high, but the figures obtained 
y (vol. III, p. 779) can scarcely. have been derived from 
ples. The following analysis shows the composition of the 
rmined by the methods here employed : 


ndsville Strip Vein ......... ceccececcsccccceescccseses coceee sasseecccooeces Lord. 
7 caecum was sceuaw cone cauceusenamsenie ecceanuuadeueceucacicaresacseces 1.89 I) 
Mao nern - 87.17 
BEDON 2. een ers are „ 638.67 
PERS ES ERROR OR EEE ERSTER EEEERRR AUT PURSSULFEUERNPELTEEN EIERN 1.27 
100. 
DERE en een 0.72 


am is opened at many other points along the Ohio Valley, 
farmers’ banks, not in mines. | 

pper Kittanning (?) or eighteen-inch vein is quite steady 
3 field, but it does not add to the resources of the county. 

ower Freeport seam is decidedly the most important of the 
of Jefferson county. It long ago acquired at Hammonds- 
| name by which it is widely known throughout Eastern 
the Roger coal, but it is under another name that it has 
; best’ reputation, viz., the Steubenville Shaft coal. It isa 
‘volume at Hammondsville, measuring 3 feet and over. It 
te parting, which is generally a few inches from the bottom, 
nes at or above the middle of the seam. It is too impure, 


G. 
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as a rule, to go into the general market, but there are many localiti 
where the quality is good. It is on the whole very steady, but it is, 
course, sometimes wanting where it is due. In the high rocky bh 
overhanging Yellow Creek Station, for example, the place and the cl: 
of the seam are clearly shown, but there is not a trace of coal. 

‘Along the Ohio Valley the Roger coal has been worked at mai 
points. It is found in every neighborhood in which there has been 
considerable demand for coal. Mines are opened in it at Elliottsvill 
at Toronto, and at numerous other points. It holds a thickness of: 
inches and upwards. On the West Virginia side of the river, in tl 
valley of King’s Creek, it grows stronger, reaching a measure of 33 fe 
and even 4 feet. It gradually falls along the southward course of tl 
valley, until it comes to water level at Will’s Creek. Beyond this, 
becomes the Steubenville Shaft seam, finding here its finest develo 
ment, and taking rank with the best seams of the State. From Steube 
ville, the coal passes to the north and west under heavy cover. Whi 
its horizon is next reached in the valleys of Yellow Creek, on the nor 
side of the county, the coal is again found in excellent condition, thoug 
somewhat thinner. There seems reason to believe that Cross Cree 
Island Creek, Salem, Springfield, Ross, and Knox townships are unde 
lain with this important seam. 

The Upper Freeport coal is of very little value in Jefferson count 
outside of its development in the northeast corner, in Saline, Ross, az 
Knox townships. In the two latter it is not known to be of gre 
value. | 

Only one important mine is now in operation in this seam, viz 
the Diamond Coal Company’s mine, at Linton. 

West of the Ohio River, and south of Yellow Creek, it seems | 
fail absolutely for a large district. 

Its limestone and clay are everywhere shown, and are occasional] 
worked, but the coal dies almost without a sign. 


THE DiamonD CoaL MINE. 


This well-known body of coal, the thickest in the region, situate 
at Linton, just above Yellow Creek Station, on the Cleveland and Pitt 
burgh Railroad, stands by itself among the coal mines of the county 
There are several anomalies in its structure and associations, and it | 
but recently that some of the most perplexing of them have been satis 


“Ald and No 


Grosse Pointe rhoou Club 


’ Michigan 
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counted for. Newberry first referred the Diamond coal to 
rizon, viz., that of his Coal No. 6, or the Upper Freeport 
on this identification, an unusual disparity of intervals was 
sen the elements on the Diamond property and on contiguous 
The section on the former is as follows: 


Ft. In. 
Sreek coal—Groff seam. 
erval, including Mahoning sandstone ........0.sscce scenes 61 
PR 11 17, WANNE ccnivenccaacenascavevasseasveneceensevacscens 0 8 
I: Bl nern: - 7808 ft.) 
DEVO ssccsasissaicensetestsas xbiudsebieelts tea SaveGwacivedesicepnsvusnveused 90 
Kittanning coal—Strip Vein ............ssscsccssvccces onron 23 
2.) a \ PPPPPPPETPPPPREFLPPIFTPLPFPERPRFFERPERFERER INLTTTLTPEFPPEPPPRPEFER „ 22 
Kittanning seam— Creek Vei0.........wsccccscssscccessccees 8 


tanning clay. 


Hammondsville and at Collinwood, and in fact throughout 
generally, the same elements occur in the following general 


Feet. 
Jreek coal—Groff Vein, No. 7.........scccscccsssecsccscsrscvscesccconers 8 to 4 
Sreek limestone. 
erval (from Coal to CORl)...........0. sccsscccescrcscccscscccescncccesscesess 67 
Freeport coal—Big Vein, No. 6 ............00 tenes ceseeesacaseeessees 0 to 6 
Freeport limestone and Clay...........ccccccecccsscee sovceces cocscescvees 6 
erval (from Coal to COal).........0cccccsessecccecovcscsnsces eanbeeewestes . 61 
Freeport coal—Roger Vein, No. B.........sssese sscoscssessscececccsees 24 
Freeport limestone. 
erval (from coal to COAL) .....“ussssorossnusnsnsorsnnnnannunnsensensnnsunnen 72 
Kittanning coal—Strip Vein ..............-sssssssssscecescsvevescssonces 24 
BIVal... a nee EN! 20 
Kittanning coal—Creek Vein ........ ..cccscsscsensccsscsscscccscnsecees 8 
tanning clay. 


ring these sections, we find that the interval between the 
and the Big Vein in the first is 90 feet, and in the second 
The Diamond coal was thus brought nearer to the place of 
Vein than to that of the Big Vein, aud in addition it was 
the Roger Vein was not present on the Diamond property. 
d to understand how so great a descent of the Upper Free- 
wamp could be made so abruptly. Though this difficulty 
is, the recent workings of the mine remove all questions as 

The coal has been found in the north ‘entry to climb a hill 
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as steep as is to be seen in any mine of dis State, and to gain all th 
elevation required to make it normal, within 150 yards of the lowes 
portion of the mine. The interval from the Strip Vein to this portio 
of the mine is not less than 140 feet. 

In structure the Diamond coal agrees in its uppermost 6 feet wit. 
the structure of the Big Vein at Salineville and elsewhere, as is show 
in the annexed diagram : 


FIGURE XX 


STRUCTURE OF DIAMOND COAL 
SEAM AT LINTON. 





The progress of the mine has shown that this upper portion is i 
reality the normal seam, and that the increase in thickness of this min 
over other Big Vein mines in the neighborhood is to be found in th 
bottom bench. This sometimes rises to 1 ft. 8 in., and to this exten 
the Diamond coal is re-enforced beyond the Uj-per Freeport measure: 
The coal in the deepest swamp of the mine has been known to measur 
9 feet, but it does not often rise beyond 8 feet. The average of whs 
is now worked would be about 6 feet. When it grows thin, as it doe 
in every direction from the “swamp,” the bottom bench shrinks, an 
finally disappears altogether. 


In the center of the “swamp” of the mine, a bottom bed of canne 
4 to 6 inches in thickness, is found, which is of wonderful paleont 
logical interest. More than 50 species of fishes and reptiles have bee 


THE LOWER COAL MEASURES. 213 


ere by: Newberry, almost all of which are not only new to 
t almost all of which are confined to the acre or two of can- 
es in the center of this mine. They have never been found 

Newberry justly says of this locality, “ there are few places 
ld more interesting to the paleontologist than the Diamond 
inton, since we get here such a view of the life jof the 
us age as is afforded almost nowhere else.” The field will 
hausted, E 
a8 the workings and explorations have now proceeded, it 
at the basin of the Diamond coal has its longer axis in the 
f§. 65 W., this axis having a length not to exceed 800 yards, 
greatest breadth would not be more than half this distance, 
imately at right angles to the main axis. 


oal is anomalous in this further respect, that it does not rest 
ay. The cannel above named has underneath it a hard and 
in many instances, and in no case in the center of the basin 
ie slightest hint of fire-clay. So firm a bottom allows the 
»e reduced to small dimensions. Nine feet square is counted 
support a heavy hill permanently, the rooms being worked 
le. 


nine has been open for a long time, having been worked for 
od use before railroad transportation was available. There 
veys that show how much has been werked out, but the 
the present owners places the exhausted area at 45 acres. 


e present output of 275 to 300 tons per day, there is not a 
fo the thick coal. The seam has not yet been followed below 
at the present writing, the northeast entry, which is furthest 

gained a Kt of coal after passing the lowest point on the 
hill.” Whether a second basin exists in this direction will 
arned. The indications from outcrops are not favorable to 
. 


hysical and chemical properties of the coal agree with those 
per Freeport seam, as generally found in this region. The 
s of the Big Vein at Salineville would require no modifica- 


alysis of the average output gives the following results: 
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Diamond Mine, Linton: 2... Lord. 
Moisture .....cccccccccsccscccceves este PEEEENUR RAN TEN TER SE SONDEORFOIEER 1.67 
Volsatilö matter u... 89.28 
Fixed carbon u... 0 einen 52.16 * 
Ash sc cvtiassanckiass daccra cui OEL EN EEE EHESTEN 6.89 
TOOL en asien 100.00 
Stlpbur:..ieiessisinsni ee BE 8.43 


Strong heating power is indicated in the analysis, and realized in 
the consumption of the coal. The product of the mine is turned ex- 
clusively to railroad use, the Pittsburgh, Fort Wayne and Chicago 
Company taking the whole output. The coal is counted equal in 
strength to any with which it comes into competition. The “run of 
mine” is now taken by the railroad company, the coal] being “ raked” 
in the rooms before being loaded into the small cars. So faras known, 
this mine is the only large mine in this portion of the State in which 
the rake is now employed. No troublesome clinker is reported in the 
burning of the coal. . 

At Irondale the same seam has been worked to some extent in past 
years, but the mines are not now in operation. There is no reason to 
doubt that work will sometime be resumed in this field, however, as 
there are valuable basins of coal known to exist here. The usual 
unsteadiness of the seam is experienced in the workings of this neighbor- 
hood, the seam passing from 6 to 3 feet with rapid alternations. 

The Brush Creek coal (No. 7 of Newberry) has a fine development 
throughout Jefferson county. It acquired the local name by which it 
is best known, viz., the Groff Vein, from the Groff farm, at the mouth 
of Yellow Creek. It has been worked there for many years, and the 
mine is still open. The seam is here 4 teet in thickness, the largest 
measure that it anywhere acquires. It holdg this measure or at least 
nearly enough to be designated the “ 4-feet seam,” to the very western 
boundary of the county. The quality is everywhere excellent. It 
burns freely, leaving nothing but fine ashes. It is a favorite household 
fuel wherever it is accessible. 

There are numerous small mines in the seam along the valley, as 
at Elliottsville and Toronto, and elsewhere, but more important districts 
are found on Island Creek, where the coal is known as the Finley eoal, 
and on the upper waters of Yellow Creek, near Nebo, in Springfield 
township, where the coal is known us the Dorrance coal. The seam 
measures fully 34 feet in both regions, and is fairly steady and regular. 

The character of the Finley coal is shown in the following analysis : 
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COA], Will’s Creek....... ..cssscscose acccccccccccccccccccccce sosseeee soncr« Lord. 
PO OO STENE REIFE ETEREE TE DETESDEDITTUREPLTERN 1.80 
3 MELLOR eier 40.60 
BAY DON 4er 52.54 
are psa aula tm eiaW ee vena EL EEE Tr 5.06 

Tolles nr en „ 100.00 
born 2.62 


yal is hard, bright and clean, and this seam, next to the 
sport, is the main reliance of the county, so far as the lower 
neerned. 

is a good deal of territory in which the Brush Creek coal 
> Lower Freeport in value. The value of this seam is, of 
tly enhanced by the fact that the Upper Freeport disappears 
cale so abruptly and absolutely for the greater part of the 


nportance of the Steubenville coal field is so great that a 
d somewhat extended description of its present state will 
en. 


THE STEUBENVILLE FIELD. 


s one of the oldest and best-known of the Ohio coal fields. 
lement is the seam known .as the Steubenville Shaft coal, 
been shown in the preceding chapter, p. 62, to be the ex- 
the Roger coal of Columbiana county, and the Lower Free- 
f the general section. The first shaft was sunk to it in 1855, 
> or 8 years after this before the mining of the seam acquired 
e proportions. A seam that lies from 28 to 45 feet below 
»oal has been reached in a number of the mines, but though 
ss is good, a maximum of 4 ft. 10 in. being reported, its 
not yet been well established. The tests already made do 
2 a coal of the best character, but a shaft is now being sunk 
Averick mine (Ohio and Pennsylvania Coal Company), and 
test will be made of its quality and adaptations. It appears 
Upper Kittanning coal of the Pennsylvania series, which is 
ough the Ohio Valley, above Steubenville, as the eighteen- 

and which rarely exceeds the measure that its name indi- 





I | ‘ 
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Another element of conspicuous value in this field is the Pittsburg! 
coal, which is found in the hills opposite, and also below Steubenville 
whenever a proper elevation is reached. The seam has a thickness o 
not less than 5 feet, strengthening to 6 feet in much of its territory. 

There are several other thin beds of coal in the Steubenville region 
as for example the seam that lies near the Crinoidal limestone, and ala 
a seam that lies 20 to 30 feet above the Shaft coal in some places, bu 
the Shaft coal and the Pittsburgh seam constitutes at present the sol 
resources of the district, so far as coal is concerned. 

The Shaft coal will be first described. It becomes a shaft seam 
as will be remembered, south of Will’s Creek. At this last-namec 
point it lies at the level of the river, but it soon rises above railroac 
grade as it is followed northward, and is well up in the hills at Toronto 
and above in the Ohio Valley. : 

It dips slowly to the southward through Steubenville, and th 
varying depths of the shafts depend mainly upon the elevation of th 
points at which they are sunk. The range of depth is from 75 t 
261 feet. 

The seam has been followed as far south as Rush Run, 11 mile 
below Steubenville, where it is mined. To the westward it runs every- 
where under heavy cover, and it is not known to rise to day in any 
thoroughly characteristic showing. It has not been mined on the south 
side of the river until recently, but its presence has been proved ther 
in various ways by borings, and also in one instance by being followec 
partly across the river in one of the Steubenville mines. A shaft ha: 
recently been sunk to it in Wellsburgh, West Virginia, the coal being 
found in full thickness. Its area is thus seen to be indeterminate, anc 
the main fact that can be given in this connection is that it extends a: 
a shaft seam for about 14 miles along the river front. The mines have 
been carried westward in unbroken coal for more than a mile ins 
number of instances. It is thus evident that a large area is to be founc 
here. The best available calculations show, that from 1,000 to 1,20 
acres have been already worked out. 


The thickness of the seam throughout the district ranges from 3 to 
5 feet. The ordinary and perhaps the average thickness is 4 feet. The 


coal has never been persistently worked where it falls below 3 feet. 


There are large areas where it holds a thickness of more than 4 feet, 
but it is properly described as a 4-feet seam. At the Boreland Shaft it 
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n. and 3 ft. 6 in. in some entries, and at the Mingo Shaft, 
; the Boreland property, the coal fell to 24 feet in thick- 
en smaller measure than this, and the mine was therefore 
it to the southward the seam increases again, being found 
1 the Brilliant Shaft, 3 miles below, and the same in Rush 
hich is 11 miles below Steubenville. 

ture of the seam is quite constant. There is a slate part- 
» 14 inches above the bottom. This is the only regular 
ie seam. The lower bench of the coal is more variable 
r. The ordinary contractions and expansions of the seam 
nfined to it, the upper bench or “ breast coal” running 
d uniform. The structure is represented in the following _ 


FIGURE XXXII 


STEUBENVILLE SHAFT OOAL, 


ue Se. Be 


Breast Goab__-- 
‚ool-- Posting... 
| iow oo Bond — 





of the coal consists normally of a hardjblue slate or soap- 
sometimes replaced by sandrock, in which case the coal 
in quality, and generally in thickness. The regular roof 
excellent in all respects. It constitutes one of the main 
t, in the working of the coal. 

al seam has been spoken of above the Shaft coal. In the 
f Steubenville this seam is 22 feet above the Shaft seam, 
nches thick. It gradually falls toward the coal below it, 
northern boundary of the Market Street Shaft mine, it 
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comes directly down upon the latter, adding itself to the normal thic! 
ness of the seam. It is said to hold this relation in all the norther 
mines of the town. The quality of this rider is not good, and its co 
is rejected. Whenever it comes within 2 or 3 feet of the main coal, 
makes a bad roof, the shale below it feplacing the normal cover, at 
proving treacherous. There are but few cases in which the Upp 
Freeport sandstone attacks the coal, but occasionally the protectii 
shales are entirely removed. 


The coal rests on about 4 to 10 feet of fire-clay, in which t 
bowlders of the Lower Freeport limestone are bedded, the upperme 
of them being within one foot of the coal. The limestone is hard a1 
_ stubborn, some of it being charged with iron, and much of it bei: 
silicious. Some blocks are found of a fair degree of purity as limeston 

The floor of some of the mines is subject to “creeps,” and in t! 
worked-out rooms it often rises to meet the roof without any break 
the latter. 


The coal is bright and cubical, but it is of rather a tender natu 
Its joints are even and regular, but they are numerous, and divide t 
coal into small blocks, to which fact its weakness is mainly dt 
Although a tender coal, it cannot be profitably mined without the u 
of powder. The result is that it mines small. In the Steubenvi. 
mines, under the system of mining now in force, by which the miner 
paid for his coal before it is screened, never less than one-third, a 
generally one-half of the coal that is sent from the shaft comes out 
slack and nut coal. 


The coal is of the cementing variety, and it makes a coke of fi 
strength and character. All of the small coal and slack has be 
utilized in this way, hitherto. The amount of visible “sulphur” 
pyrite varies in different parts of the seam, and also in different px 
tions of the mines.. The bottom bench is more impure than the bre 
coal, but the larger balls of pyrite lie near the roof. Like the Freep 
seams generally, this coal ranges rather high i in sulphur, as will be se 
in the appended analyses. 

In the following table the analysis of the coal from a represen 
tive mine is given: 
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POLE dalen Sunde caspaleliaeanececdesenesadcenstaesvebweecgabunanevensuasesiess 1.79 
3 given above fally confirm and justify the good reputa- 
ubenville Shaft seam. 
1as always been rated high asa rolling-mill coal, burning 
le flame, and giving out its heat quickly. On the same 
in excellent steam coal. For domestic use it is the sole 
: city of Steubenville, but it has not yet established a 
"in the general market. The fact that it does not bear 
works against it, in this respect, as does also the fact that 
d for unscreened coal. So long as the coke was in demand 
es of Steubenville and vicinity, the quality of the coal 
r a8 size was concerned, was a matter of no consequence, 
duct of the mine going in some instances directly to the 
ecently a new state of things has been brought about. 
teubenville coke is an excellent fuel, it cannot compete 
th Connellsville coke in the manufacture of iron, and it 
iced even in its own field by the latter. Add to this the 
rolling-mills of the valley are making use of the great 
s that deep wells are now reaching, in place of the coal, 
seen that two of the largest demands upon the mines are 
wn, and if their production is to be maintained, it must 
e establishment of an outside market. Such a market it 
in competition with some of the best coals of the Alle- 
id it will require sagacious management in all respects to 
1ines in uninterrupted activity. But even though condi- 
rove temporarily unfavorable, there can be no possible 
ultimate value of this noble coal field. 
e limits of the general field, thirteen shafts are now sunk 
ville coal. | 
> at the north, we first find the Cable Shaft, from which 
has been taken. . | 
nna Shaft is next below. The mine is connected with a 
ut both are idle at the present time, and the mine is 
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filling with water from the river. The ooal is 5 feet- thick, and but 
acres have been so far taken. 

The shaft of the Jefferson Coal and Iron Company, comm 
known as Bustard’s Shaft, is next in order. Quite a large amout 
coal has been mined here, and the seam has the same thickness as ab 

What is known as the Gravel Pit Shaft lies next below. Ith 
a good 4 feet of coal, and has produced a considerable amount. 

The Stony Hollow Shaft of the Market Street mine has | 
abandoned, but not through any defect of the coal. In the adjoiı 
mine of the same company, viz., the Steubenville Coal and Coke C 
pany, one of the best bodies of the Shaft coal has been found. 
entries extend through unbroken coal for more than a mile from 
mouth of the shaft, and the seam holds its thickness of 4 feet: 
almost perfect uniformity, the only deviation being in the way of o 
sional increase. . 

The mine of the Jefferson Iron Works, known as the Rolling- 
Shaft, exactly agrees with the property just described, against whic 
abuts. A large acreage has been removed from this mine also. 

Averick’s Shaft, now leased by the Ohio and Pennsylvania | 
Company, is next below. Its coal is of the same thickness, and | 
no way inferior in quality. It has been worked largely, but not to 
same extent as the mines last described. 

‘The next mine below is that commonly known as Boreland’s SI 
but it is now operated by the Jefferson Iron Works, and is know 
their Shaft No. 2. 

The coal is somewhat thinner in this mine, at least in its sout! 
extension, than in the mines already reported. It comes down to 
6 in., and to 3 ft. 4 in., and on its southern boundary is disturbed by 
veins and other irregularities. The seam generally is remarkably 
from troubles of this sort. This mine has produced a large amout 
coal, as good in quality as any in the field. 

According to the best available testimony, not leas than 1000 a 
of coal have been worked out in the Steubenville mines. 

The “trouble” in the seam at the southern boundary of the 
named mine seems to extend into the territory of the Mingo S 
which adjoins it. Coincident with this fact, there is a serious dim 
tion in the volume of the ooal, the measure running down to 30 in 
and less, for most of the property which the entries have traveı 
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thickness cannot be mined from the Steubenville seam 
conditions. 

‚ opening to the coal is in the shaft located at the village 
ormerly La Grange, 3 miles below Mingo Junction. The 
» regained its full volume. It is 5 feet thick throughout 
ine, and of the usual quality. | 
burg, on the West Virginia side, a shaft has recently 
nd the coal agrees exactly in character with the seam at 


shaft that reaches the coal is located at Rush Run, 5 miles 
it, and 11 miles below Steubenville. Inasmuch as this is 
proved extension of the seam in this direction, a more 
int will be given of this mine, to serve as a guide for 
tion and development. 
h of the shaft is 265 feet. The dip of the coal is reported 
rtheast. 
was found 7 feet thick at the bottom of the shaft, but 
re taken, one foot being left for roof, and one for bottom, 
ft being in both places inferior in quality. 
” was experienced in driving the entries to the north- 
veins were met, and also “wants” in the coal. At one 
m fell to 2 ft. 4 in. for 20 yards, but it recovered itself 
another the coal suffered from a clay vein for 300 yards. 
‚at the extreme point to which the workings were carried 
., but under the westward entries only 4 feet was held. 
poor coal covering the seam at the shaft disappears 
some directions, and the normal slate makes the roof. In 
the mine the roof was what is termed by the miners post, 
lite sandy clay, connected apparently with the irregulari- 
m already referred to. 
allel entries were advanced under the river for 150 yards. 
strengthening in this direction, the bottom coal measuring 
d the breast coal 4 ft. 6 in., the whole seam showing an 
arance. 

yields coke of the usual Steubenville standard. In all 
ity of coal, parting, floor and roof, it holds well to the 
} of the seam, as shown at Steubenville. 
8 of the Steubenville district, like many other shaft mines, 
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are liable to fire-damp, and require special care in ventilation, in < 
to be worked in safety. But from the first, they have been in thel 
of competent and care taking men, and thus destructive accidents 
been avoided. The system of ventilation in operation is excellent, 
a full current is kept up to the working faces day and night. 
entries and working faces are traversed every morning by an insp 
before a miner is allowed to descend. The Market Street Shs 
counted, in all its management, as one of the best ordered mines o: 
State. It has been under the charge of William Smurthwaite fe 
years, to whom the Survey is indebted for many of the details alr 
given. 

The coal seam below the Shaft coal has always been foun 
abound in gas. Whenever it has been struck, a strong current 
been found to issue from it. In some cases the supply has been util 


THE NeEso FIELD. 


Some new explorations have been made in the valley of Ye! 
Creek, in Springfield township, near Nebo, where the entrance of a 
of railroad has led to quite careful examination so far as the coal. 
concerned. The order of the strata at this point is clear and i: 
ligible. The following section was obtained there: 


13. Crinoidal limestone, not seen, but found in adjacent hills. 

Intörval naar 30 to K 
12. Second red clay band. 
11, Interval—chiefly blue and black shales with occasional 


sandstone ledgeB......... secccccesecccccaccrereccseccccescescevoes 229 

10. Brush Oreek coal—Groff nn NOs 7% en - 8 
Firoolay nun ren 1 2 

9, Brush Creek limestone ............scsecscscscccscccsscccsces secscsccsces 2 
8. Mahoning sandstone and sandy shaleg................sscsescesesess 34 
7. Upper Freeport limestone, massive and brecciated............ 1-4 
6. Upper Freeport or Bolivar clay—white, red and blue......... 6 
Di” GOR nern 9 
4. Sandstone, Upper Freeport ...... ........0..escsesessreerescerseees 18 
Be BHO ei erlassen 4 
2. Lower Freeport or Roger coal..........ccccccsscsssccecccsssecccscecees 3 
1. Shales with calcareous nodules .............ccccscccesscecesecccecevee 6 


The section is continued downwards until both of the Kittan 
coals, the Strip Vein and the Creek Vein, of the Hammondsville reg 
are struck. Several borings have been made, and more are going 
ward. One of these borings in progress at this date, made under d 


an 
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Villiam Hemingray, by Simon Shetlar, on James Kelly’s 
orth side of Yellow Creek, gives the following record: 


Ft. In 

eport or Roger coal ...ceers.ceccccroscssccsesscsccscccccessccoscceses 8 1 
les—beginning about on level with bottom of coal...... 10 
WONG inserieren „18 
BAN CBUONG re 22 
BUONO nenne aan 4 
te (Sandy) ...... 0.000... VRR EUREERUFEUEBEREUNOPEUSER: me 
\cauiecia a Seg NEE OR UE SEEN ve pedeemeouseneieee ae ganenee „14 
mondsville Strip VEIN .........ccccccscscsecsscccssccsscccsessesees 8 
N ENTE ENTANEOEORSEEFSEHESERE | 
Be REN OEERE EIER EEROEUETELSESERTESO EUR ONEUNEGE ONE 5 
BEE EL NERUES ES EENESCEREUEUNEREPFLEUTENE - 4 
Pe REN ESERCHUETELTESTSEOUETENUESTUR FERUEISRETOR - 9 
IBONE ai 14 


r coal may be cut out at this point. If present it will be 
ı a few feet. The measurement from the Roger to the 
75% feet, or just about the measure on the outcrop. Tradi- 
ed a thick seam of coal at this point. Salt wells have 

various localities along the valley, and from their crude 
d down orally, a firm conviction is entertained by many 
formed residents that a 7 feet seam of coal is within easy 
ice. There seems little to warrant such a belief, as the 
ining coal does not assume these proportions in this sec- 
ate, but if 3 feet of it exist here of the character that it 
atains, it will doubtless become a source of profit at no 


r coal lies just above drainage through all this region. 
air, as is seen from the following analysis: 


ort. Coal . Nebo...: unse ( Lord.) 
iia isis GanS ss endo nuis eu sdondunead ous eananemansressveederPewusesNeieeueteexes 2.15 
HAT sides snsvasuersvennsoaveswecsiiciisssibacaseessiwasiasecsasdevereseus „ 89.45 
OUD ss ssasuceactecneeeses socckdscncesccatuwkssazec sos veudeseicucsavseueceesi ~ 50.10 
PS SOHO SSHEHSSEHSHOSHOHRSSHOSHESHSHOCOHE HOH SCHHE 6: OHHH SHHHHH SHEESH CEO ORDER EHE 8.80 
100. 
LPP near 2.84 
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The structure of the seam is as follows: 


FIGURE XAXY 


STRUCTURE OF LOWER FREEPORT 
COAL AT NEBO. 


Somdstone———____._ isi 


Shalee______ _ ES 
Coal... BE — 


a ee 
Coal 


GL ar with calcaveous nodules 











The seam shows very great steadiness here, which goes some ' 
towards compensation for its light volume. It is opened everywhere, 
everywhere shows the same structure and thickness. It seems rea 
able to believe that the coal extends straight on to the river where 
the famous Shaft seam, with, no doubt, occasional ‘ wants.” 

The parting in the seam is higher here than at Steubenville, 
the coal is. more blocky and stronger, but it is at the same hor 
without doubt. 


The entire absence of the Upper Freeport coal is to be note 
the section given. The limestone and clay are very steady, and 
characteristic, but there is not a hint of coal. The same line of f 
it will be remembered, exists at Steubenville. The Big Vein must 
be dropped from the resources of the district. To compensate for 
in part, there is found in the Dorrance coal a fine development of 
Brush Creek seam. It is 3% feet thick where measured, and is kn 
as the 4 feet seam. It has no parting. The coal is not, howe 
steady, but in a few openings that have been made on the Kelly : 
has proved quite the contrary. Good areas of it, however, are su! 
be found: The quality is of the usual excellence. These three se: 
a 3% feet seam that is of excellent quality, but unsteady, a 3 feet : 
that id unusually steady and of fair quality, and a possible 3 feet sear 
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y a shaft of 75 feet, the last-named seam likely to be a coking 
grade, would seem to constitute the coal resources of the 


is are easily obtained here, and indications point to a fairly 
pply. Salt water is also within easy reach. 
lish the fact that the Nebo coal is the Roger seam, a line 
as run from Hammondsville to the above-named locality. 
8 were all that could be desired, and the identifications of 
:lements are positive and unequivocal. The intervals are 
and normal, or else they change gradually so as to leave 
in the sections. | 
mondsville, five coal seams are well shown, as represented 
All of these but the Groff seam go below drainage in 
ithern bend of Yellow Creek, south of Hammondsville. 
as an easterly direction for a little while, leaving the strata 
en ascends in a northwesterly direction and the strata 
, bringing the Roger coal out of cover not far below the 
mstone Run. From this point to Nebo, the course is again 
and the strata rise with the valley, the Roger coal holding 
v feet above drainage—all of the way. 
ammondsville to Saltsman’s, the Upper Freeport coal (Big 
ı and worthless. It mends somewhat here and averages 3 
ess as far as Moretown, and the quality is good. From 
d points westward, it has no value, and though its limestone 
continue, as at Nebo, there is scarcely a black mark to 
coal. The Brush Creek seam comes and goes, but the 
3 found where it is due, and wherever it is shown, it is clean 
d regular. 


rer Coal Measures of the first tier of counties on the eastern 
State have now been briefly described. The chief centers 
| have been noted, and the general conditions under which 
3 and is mined have been pointed out. 

e line of facts will be taken up for the same measures in 
next in order, viz., Portage, Stark, Carroll, Tuscarawas, 


G. 
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IV. COAL MINES OF PORTAGE COUNTY. 


Passing westward from northern Mahoning, we come into Porte 
county. Although most of its area lies within the coal measures, it | 
comparatively little of economic interest in its geological scale, so 
as known. Nothing has been added to our knowledge of its resour 
since Newberry’s report, in vol. III, except in its one productive o 
field, that, viz., located in Palmyra. 

A valuable basin of the lowest or the Sharon coal, agreeing in 
respects with the Mahoning Valley deposits, has been known to ex 
in Palmyra for a number of years. It lies due west of the Austinto 
field, and is about 20 miles distant from it. It is connected with | 
latter by some small intervening basins, now mostly exhausted. 

The general order in this region is well shown in the follow 
section, taken near the Scott mine, in Palmyra township: 


FIGURE RX 


SECTION AT PALMYRA. 
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The present condition of the field is as follows: Threc mines: 
in operation at Diamond, one mile east of Palmyra Center. Th 
belong respectively to the Palmyra, the Black Diamond, and the Sc 
Coal Companies. Their combined capacity ranges from 750 to 1,( 
tons per day. The output is very much less. The railroad on whi 
they are located is narrow gauge, which fact compels resbipment of | 
coal before reaching any large market, and thus puts them to d 
advantage. The royalty is also heavy, ranging from 25 to 40 ce 
per ton. 
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he Bleek coal fields generally, the Palmyra coal lies in 
‚hs or swamps, the length of which is considerable in pro- 
dp breadth. In this field the tropghs are often very narrow, 
cceed 200 yards in breadth. They are somewhat sinuous, 
al direction is northeast and southwest. Mr. E. T. Bowen, 
it manager of the Palmyra Coal Company, has observed 
er a sharp deflection in the course of the swamp occurs, 
od body of coal to be found in the concavity of the curve. 
| be hard to state the average thickness of the coal. Three 
med as the normal thickness of the seam, and for mining 
w that, a larger price is paid per ton. The coal is worked 
feet, and sometimes to 1% feet. The coal in the Black 
ne is a trifle stronger than in the other banks. Ina con- 
t of the Scott mine it is thinner than elsewhere. In the 
| the Black Diamond mines, a thin “bone” coal comes in 
the seam, but in the Scott bank this develops into a semi- 
eet thick. It is called Splint coal, and market has been 
to some extent. It has even been sold at a higher price 
k coal. 
mal section of the seam is 3 feet of clean and undivided 
s structure is varied in several ways. Frequently there is 
l, overlain by a 4-inch slate, over which 8 inches of slaty 
s (No. 1, Fig. XXXIV). Again, the true coal may 
© 12 or 14 inches, with 2 feet of cannel overlying it (see 
re). All these facts are shown in Fig. XXXIV: 


FIGURE XXX N 


RE OF SHARON COAL AT PALMYRA. 
3 







Cannel and 
Borveloal_.24° 
Gool___._ 12" 





Goal ____.56" 





everal phases occur in different entries of the Scott mine. 
as a brecciated structure at times. The thickest coal ever 











228 GEOLOGY OF OHIO. 


reached is,4 ft.5in. In this case the 4-inch slate dies out, and 
cannel band becomes coal. 

The coal is taken without powder. It is strong, and mines la 
the Black Diamond coal having a little advantage in this respect a 
Ordinary mining makes about 1 ton of nut to 8 tons of lump coal, 
1 ton of slack to 4 tons of lump. The nut sells close to the lump: 
for domestic use, and the slack can be made to pay its way to ma 
at least. The screens employed are { inch at Scott’s, and 1} inche 
the other banks. The whole area of coal belonging to the sev 
mines will aggregate perhaps 100 acres, the Scott mine having abou 
much acreage as the other two combined. A number of acres h 
been worked out, but no reliable estimate is at hand. 

There are other tracts of the coal in the vicinity. West of] 
myra a tract of perhaps 50 acres has been proved. It was in fact 
first large body of the coal that was struck in the explorations of 
years ago. Lacking facilities for transportation, the property is 
developed. Ä 

A new basin is now being tested by sinking a shaft, 12 miles sot 
east of Diamond, by H. H. Gillingham and Company. The proı 
seems fair for a deposit of some value. 

The composition of the Palmyra coal is shown in the follow 
analyses (Lord) : 


1. Palmyra Coal Company. 

2. Scott Coal Company. 

3. Cannel bench, Scott mine, bottom. 

4. Same, middle. 

5. Same, top. 

1 2 3. 4 t 

MOIBEOLG sedis cescewesececivdessancasices 4.86 4.84 2.57 1.99 
Volatile matter .... RAR 86.66 37.79 41.87 40.51 3 
Fixed carbon...... ...... ..0.. sccsseess 56.89 54.96 42.54 87.49 4 
RW oars aiicovcevsseverecoistoiinee ease: 1.59 2.91 18.02 20.01 l 

Dora nenne 100.00 100.00 100.00 100.00 10 
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alyses show that the Palmyra coal in its best condition is 
\est coals of the State, in no respect inferior to the best 
Mahoning Valley. The cannel seam of the Scott bank 
examined to see if any portions of it rated higher than the 
orest in the middle, but the top and bottom of the cannel 
| representatives of that variety of coal. 

pletes the account of the coal output of Portage county. 
ittle poor coal was mined about Atwater. It probably 
he Mercer horizon, but nothing is now done in this field. 
he horizon are extensively worked. 


COAL MINES OF STARK COUNTY. 


case of the counties already treated, the geology of Stark 

en given with considerable detail in the excellent report 
in vol. III. The discussion of the Massillon coal in the 
icularly full and valuable. Aside from the correction of 
ction, the present report will be mainly confined to the 
evelopments of the coal seams of the county. 


GENERAL SECTION. 


ly shown, there ‘is in Newberry’s report a double use of 
and 6 in the southeastern corner of the county (see p. 69), 
applies to but a small territory, and by far the larger part 

falls within the limits of a section in regard to which 
pute. The main elements of the geological scale of Stark 
follows: 


ng sandstone, coarse and sometimes pebbly. 

Freeport coal, passing into Blackband ore at many points (No. 7 of 
berry). 

‘reeport clay. 

‘reeport limestone. | 

‘reeport shale and sandstone. 

‘reeport coal (No. 6a of Newberry). 

‘reeport limestone. 

‘reeport sandstone, often pebbly and massive, and reddish in color. 
Kittanning coal (No. 6 of Newberry). 
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18. Middle Kittanning shale, containing kidneys of ore, and sometimes ma 
of fossiliferous limestone. 

12. Lower Kittanning coal (No. 5 of Newberry). 
11. Kittanning clay. 
10. Putnam Hill limestone and ore. 

9. Brookville coal (No. 4 of Newberry). 
Tionesta coal. 
Upper Mercer limestone and ore. 
Upper Mercer coal (No. 3a of N eee a 
Lower Mercer limestone and ore. 
Lower Mercer coal (No. 3 of Newberry). 
Massillon sandstone. 
Sharon shales. 
Sharon coal (No. 1 of Newberry). 


een 


The discussion of the Massillon coal field will be reserved fo 
subsequent portion of this report. 

The coal supply of the county, aside from this important source 
chiefly confined to the following seams, viz., the Brookville or Up 
Limestone coal, the Lower and Middle Kittanning, and the Up 
Freeport coals. In addition there is one locality where the Tionc 
coal yields a considerable supply. The Mercer coals both appeaı 
their proper places in innumerable sections, but they nowhere att 
workable thickness. A similar statement may be made as to the Lo‘ 
Freeport coal. 

The Brookville or Upper Limestone coal will be first describ 
It is Newberry’s No. 4 for this region. It has been worked for a k 
time in Plain and Lake townships, and in the adjoining townshif 
Green, Summit county, though heretofore in country banks only. 
Canton and Pike townships, it has also been worked in a small way : 
number of points for many years, but since the opening of the Val 
Railway, four shipping mines have been developed in the seam, one 
Greentown, one in Plain township, 3 miles north of Canton, and t 
mines in Pike township, at Fox Run and Evansdale, respectively. 1 
seam is thus coming into the general market, and is now for the fi 
fairly tested in its adaptations thereto. 

The section at Greentown, including the coal, is as follows. 


was obtained at Stripe’s Clay Works, $ mile below the station, and 
represented in Fig. XXXVI: 
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FISVAENITYL 


BECTION AT GREENTOWN. 





Ft. In. 
Hill imestone..a sun race 5 
(BREI SEEREER RER ERAEIEIE naw age ERLEIDEN SERSEREUN 0 4 
18 COR CNG: 4) aueh 6 
= Pollen aan 6 
ROI ee ine 0 6 
re ee een een a: | 
fercer limestone and OF ceeeenenneannnennnnnennnnennnnann castes nenn 1 10 
ROYCE DU. eier 0 10 
TO RE EEE ECO ESEUEITRRIE BED ERENERTE RER acco 10 
EN acledeeed sue waneup iene aseesunenennes EINER RENEEN, „15 
Tercer limestone ..........reeere000. PURE EEE RORREE RER 1 
= POOIB ui essen ya 4 
= SEWEL-PIPE ine 12 
Tercer COal]..........scccscccceeceees PN eu eueueeuaneceeseceeeuessucuens 1 3 


ction is an interesting and valuable one, inasmuch as it con- 
r showing of several of the best worked horizons of the 
Measures. 

ucture of the Greentown coal is shown in the accompanying 
g. XXXVIT. 

al was opened at this place for a shipping bank by Smith, 
, under the name of the Greentown Coal Company, shortly 
illey Railway was completed, and for a year or two, a con- 
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FIGURE XXAUM | 
STRUCTURE OF LIMESTONE COAL 
AT GREENT OWN. 
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siderable amount of coal was mined, the monthly output reaching 15 
cars, but the mine has now been closed for some months on account ( 
litigation within the company. The coal was largely used as u steal 
coal by the railroad. It is undoubtedly better adapted to steam geners 
tion than to other uses. . 

The roof of the coal is the Putnam Hill limestone, between whic 
and the seam a few inches of protecting shale intervene. The roof: 
very firm and strong, and is easily held in place. 7 

The under clay is a plastic clay, quite white, and valuable fc 
potters’ use. It would make a troublesome bottom, probably, in mine 
worked on a large scale. 

The seam is seen to be divided into two well-marked benches, a 
upper and a lower. Between them there is a marked difference i 
quality, the upper bench having in all respects a great advantage. 

The upper bench is 3 feet thick, and is an open-burning, brigl 
and well-jointed coal. It mines in fairly large blocks, but break 
easily, and therefore does not bear handling as well as many seams. | 
is said to yield a light colored ash, but the composition would lead 1 
to expect a reddish ash. The ash is not excessive in amount, and thi 
bench is not given to troublesome “clinker.” Its average compositio 
is shown in the following analysis: 
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own coal, upper bench ...... ateveneescnssenseeseccnemecessesceeseceeensees Lord. 
2 cso sesauiewu vuasiosiaersietubwessescumeces cevucsbuuuessseceusveaeasuiaseiw sais 8.71 
DER are - 42.50 
MAT DOT 2er een en „ 48.65 
TE eouaau er ewneanerne sence caresuaceaeacensavesuureseecetaneler erect ees: 4.94 

Tolal voeccaccevesacsauootecdecsseraoesetecou essen „ 100.00 
TE aneariaeeann 8.78 


reentage of sulphur is large, but this is the only notable 


the two-inch clay parting a layer of “bone coal” or lean 
rs. It has no place in the general market, but it is some- 
1 to a small account in local use. 
wer bench has at times an extra parting in the shape of a 
der, about 1 foot from the bottom, and it generally contains 
bands of mineral charcoal, charged with pyrites, which are 
‘black sulphur.” The lowermost foot of the seam is worse 
ect. From this structure it is apparent that the coal will 
and will prove a dirty seam. It yields an excessive amount 
iy ash, and tends to form a troublesome clinker, or in the 
rase, to “run on the grate bars.” 
acts put it at disadvantage as domestic fuel, but the product 
shes is said to give fair satisfaction as a steam coal. 
wer bench is counted richer in bitumen than the upper. It 
less open-burning ir character. Its average composition is 
e following analysis: 


WN COA], lower DENCD.........ccccssscsccccce coscessovcessescesseese ‘apes Lord. 
SS REIN IE PEN EEE TURERURE ROTH FOERSEOEIDEUBSSOHEEESSENS 3.71 
Matter soso scsdsnsass sss sere vascieacesss coes bined ceuwnennseeedenaceccsens „ 40.58 
BEDOn een 42.00 
eels ews vaaeledaaisee Cudis ae Naaaneudas seaatenauedaneoieeeukencovaadusvelecueciesauueene? 12.79 
Toll... net „ 100 
HUF nee eier 5.74 


atements made above as to the character of this bench were 
m the testimony of those who had used it, but they will be 
borne out entirely by the results of analysis. The ash and 
ther form 18.53 per cent. of the whole, and would necessarily 
unfavorable results that have been noted. 

ıpper bench were mined by itself, it could enter the market 
>onditions for competition. The “bearing in” could all be 
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done in the lower coal, and the upper bench could thus be worked to 
the greatest advantage. It is fully 3 feet thick, and a great deal o! 
coal is now mined successfully in the State that does not exceed this 
measure. For roads and for undermining, the bottom bench would 
serve a useful purpose, and, no doubt, some market could be found fo: 
the small coal made. | 

When worked as a whole, the seam yields 2 tons of lump coal t 
one of nut and one of slack, over a screen 7x5 feet, and with 14 inche 
between the bars. The coal mines easily. The royalty is 15 cents pe 
ton of clean coal. 

The next shipping mine in the seam is the Evans mine, 2$ mile 
north of Canton. The same general conditions prevail here. 

Five miles below Canton, on the line of the Valley Road, two nev 
mines have recently been opened in the same seam. They are know 
as the Fox Run and Evansdale mines, respectively. The latter has: 
very complete equipment for doing its work to advantage. The sean 
at this mine is 5 feet thick where measured, and the structure is a 
follows : 


Fr. In 
Putnam Hill limestone............ cccsccsasccee onnannn coe sunnnsnsnenen 4 
Coal, upper bench ........sr..sscsonronnsnunsnnnne cons EEE INES 2 4 
Fire-clay parting ..........cssccsessccsceceescssessceerscesseesceeeees 4 
Coal, lower bench......uus: wann ee ane L 4 
Bone Coal or slate ........-.scseseveescsceccceerserscee seeteee soeses 4 to 12 


FIGURE XXAVAAL 
STRUCTURE OF UIMESTONE COAL 
AT EVANSDALE 
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earing in is done at the clay parting, and the benches are 
arately. The average composition of the entire seam is as 


ala CORD rcescsacercccccisceussieeascanies OL EIRUELEI EU IONESCECHER, Lord. 
BEE N ER EEE SER URN ORE TRETEN 2.85 
Bmatler. nennen 89.00 
BRTDON a ee ensure „ 46.69 
N aicausaaciucawieacsseecuescdaswaceceee puecsesateas auiunceacerse + 1esuse 11.46 
TOlal see esse se ue osesuxcodass 100 
{PILOT sus on davoesencageuccsasunadueameasseeuseassneaeatian 8.14 


pecific gravity of the coal is 1.33. The benches were not 
separately, but there is little reason to doubt that the facts 
r Greentown would in the main be applicable here. The 
nine duplicates this description. The coal at these mines is 
ler than at Greentown, yielding three cars of lump to one of 
> of slack. 

yur mines now described constitute the only shipping banks 
e in the Brookville or Putnam Hill Limestone coal. The 
its best in the portions of Stark county, already referred to. 
of the field which it occupies have not been traced with 
ut it is known to extend, though no doubt with occasional 
1s, from Greentown on the north to the valley of Big Sandy 
e proved breadth of the seam in this large volume is much 
rkable deposits are found at least four miles apart in an east 
1e. 

are three other shipping mines along the line of the Valley 
tween Canton and the Mineral Point district. 

st of them is a new bank just opened for the general market, 
g worked in the small way for the neighborhood, and as a 
nt in the supply of Canton. The mine is situated a mile 
northwest of North Industry. It is to be known as the 
rove mine of the Richards Coal Company of Canton. 

ine is opened in the Middle Kittanning seam, No. 6 of New- 
8 northwestern extension for this region. It lies higher in 
an any other mine in the county, though still holding good 
are are 225-250 acres of the coal connected in one way or 
h the mine. Royalty is 14 cents per ton of clean coal. 
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The seam has a good name in Canton. It is a smith coal, and ha 
been used for tempering saws in the factory, displacing the Pittsburg 
seam for this purpose. It is also highly approved as a domestic fue 
It will be brought into competition with Massillon coal, but not o: 
quite equal terms, as the difference in royalty alone allows it to be sol 
at a lower rate by at least 20 to 40 cents per ton. Asa steam cos 
it gives good satisfaction. It burns freely, and makes but littl 
clinker. 

The seam ranges in thickness from 3 to 4 feet, but it rests mainl 
at the smaller figure so far as now shown. The structure of the seat 
is as follows: 


FALGURE TAXIXR 
STRUCTURE OF MIDDLE KITTANNING 


CD AL(N26) AT CHESTNUT GROVE MINE 
AT. NORTH INDUSTRY. 


ia with, eobéaxeousnndel a 


fee ae ~ 






Upper bench ......uusssonsenesessensonnenonssnsnensssnsnnsnnnensnnsssunnnn 19 in. to 25 ft. 
Paris. oo 2 in, 
Lower benchuni na eu 15 to 18 in. 


The coal from the lower bench is the purer. It is mainly mad 
into small coal in mining, and on this account the nut coal of the min 
will be more valuable than usual. The coal is bright and olean, an 
shows fair strength in handling. Over a screen, 1% inches between th 
bars, there has been thus far made four cars of lump to one of nut coa 
and a little less than one car of slack to the same lumpcoal. The slac 
is sold at a price that pays at least for handling. . The coal mines easily 
and little or no powder is required outside of entries. There are ooca 
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ar balls in the upper bench. The composition of the seam 
the following analysis : 


NEN EUESTENEETSONEERU EEE PELSEUSEETEER SITE 4.82 
MBHDT open neces nevi vawanaccaceaisieade sn eeesnsancseiisessecewoiaianeersinn 40.68 
FDOR eure ns euscauese “ 49.78 
REES IE NG U lawieaneueebeaauanee sues cavense shessevatetanaews 4.72 
LOU) sn 100. 
Dürr een 2.04 


sult is in keeping with the other analyses of this seam in 
and shows a coal of good character. 

ire a few feet of shale always, and often 30 or 40 feet, over 
arge nodules of fossiliferous limestone sometimes are found 
coal. The same thing often occurs in connection with this 
carawas county. The shale makes a fair roof, but slakes in 
hen they are traversed by a full current ofair.- 

or of the coal is a heavy bed of soft, plastic clay, which, by 
f the air, swells and throws the track, and otherwise causes 
Be. 

les below North Industry another small mine is found in 
am. It is commonly known as the St. John mine, but it is 
d by the Harry Pocock Mining Company. The coal is 3 
and has a single parting, but the division comes higher in 
an in the mine last described, being only about 14 inches 


p. 


FLGURE AL 
TRUCTURE OF MIDOLE KITTANNING 
DAL (NR 6) AT THE POCOCK (STJOHN) 
ee - PIKE TOWNSHIP. 
bales E 
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A sulphur band lies in the bottom, and the parting is often lit 
else. 


The composition of the seam at this point is as follows: 


St. John coal, Pike township ...............sccssssescescoscccsscesccecsessseescers Lord. 
Mossturd.. ae 4.4 
Volsulle matter. seen us 87.88 
Fix6d Carbon :.uuanenainirinieen „ 49.07 
ABD sepcccvseneunacwsvcaeviniesssenanasasecs cases caesescsuseieeussucerseiesiauseensuaneeass 9.11 
POUR center 100.00 

SUIPHUr ans eb exousedepnessosacs ececueccuauceceowesoccreuaive 4.69 


These results are not as favorable as could be desired. 

On the opposite side of the valley are the Willow Spring mines 
the Ridgway Burton Company. Both this and the last-named mine a 
situated in Pike township. The coal worked here is the Lower Kitta 
ning seam (Newberry’s No. 5). The seam is 4 feet thick, and is divid 


into two equal benches by a 2-inch parting. Its structure is shown. 
the accompanying diagram: 


FAGURE XL 


STRUCTURE OF LOWER KITTANNING 
COAL (N25) AT WILLOW SPRING 
MINE, (BURTONS) PIKE TOWNSHIP. 














The character of the coal can be seen in the following analysi 


Willow Spring coal, Pike township..............ccsccccscsse cessor ecesscceeseecs LONG, 
Moisture ......ccceeee soseeree sone DREIER. N ERS EEE EPEUTERN 4.46 
Volatile matter........ o seeeeees ee 42.42 
Fixed carbon ........ DPPPPEPBEEPRURTIEFEITFEETTLLTTTPRPPELLERRTTFRERTTLLTLTTEPPEPPER „ 48.84 
AGED N ESEL ORESOSL OR EEE EUER UEERETEEREREEEEN 4.28 
TOU) eenesere 100.00 

Bulphür...u.n.uss nen innere dei 2.56 
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igures show a good coal. They are decidedly above the 
this seam. The coal has heavy cover, and quite a large 
Tributary to the mine. Like the Richards mine, it also lies 
er margin of the Kittanning horizon for this region. 
urton’s Switch, and in connection with the mines now 
ie following general section was obtained: 


Ft. In. 
limestone, Lower Freeport. 
rock and shale u... nase 50 
INGO en a. adaeceuauenesevereedenetebeecece 3 
Clay, white and sandy u nn 11 
e with a few ore balls ...........cccscsccccces osennnnnnensnunnnenenesı . 28 
No.6, 2 ft. Gin: to 4 [6,2 in... 8 
PV al CON CORIOG: nun ine 61 
1am Hill limestone ...... ....... a dueuiecdeasantassovevuadeusvewses 4 
pstone coal, Brookville (No. 4) ..... ccccccsesesrsesceessesse sense ces 5 
CLAY RE OS EEE back bopds-teveusueaatansecuwesues 4 
© and sandstone ............cescees BE EEE NER 6 
:(N6,:8b); THOM OB 5... 1 4 
es nneiciseheeereeeeuetnerne Saunders 28 
estone, Upper Mercer u... „1 6 
BIN Os Ba 22a nes esteaseettaniaceasuaeeeltersaisaue erseres 1 
EBtONE (?) ......ccrcceceescoees ER NEE EENE NER aaseeze 1 
rval to bed of creek ...... 200... 02000: cesses cvevcsccscccecsccesesseecsses 15 


is one other important field of the Middle Kittanning seam 
Stark county. It is in Osnaburg township. The coal has 
1 here in numerous small mines for many years, and a large 
supply of Canton has hitherto been obtained from this 
ice the building of the Connotton Valley Railway, two 
nks have been opened near the village of Osnaburg, and are 
ration. The coal from this neighborhood has an excellent 
mall part of the seam is highiy valued as smith coal, and is 
separately for this purpose at advanced price. In general, 
of these mines commands a higher price in the neighboring 
rillages than the other coals that the railroads supply. The 
t. 6 in. thick, and although the seam lies quite high, being 
ove Lake Erie, a large acreage is to be found here. The 
mposition of the whole seam ie shown in the following 
the coal of the Osnaburg Coal Company : 
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OMB GD UTE COR sc veseisiruceiscecietessteeccecescsatnaseoriweshonsavantasssessesseeenaiee Lord 
Molltore u ee rer asien 4.07 
Volatile matter.............ss00 nen ee near wesw dasecwene tune seeds 41.18 
Fixed carbon .....ccccccscsse gets ded EROUFENIRORERO tacbaneeeeusacdessdesaacceseaae: . 49.50 
DAN scales EIERN EEE TER RUEERNEESUEGDERCEERESERDESSEREEETIERDOTENERGENE 5.30 
Tolelae sense ouatececuseres tas 100.00 

Sulphür uns. acer 2.67 


These figures show a close correspondence with those given for tl 
same seam at North Industry, but they indicate a slightly lower qualit 
Such differences as these, however, can well enough be referred to tl 
accidents of sampling, but the analysis given above can be taken 
typical of the Middle Kittanning coal, from Stark county westward ı 
the central portions of Perry county, where, as it will be remembere 
the seam changes quite abruptly in chemical and physical character 
well as in volume. The volatile matter slightly exceeds 40 per cent 
the fixed carbon always falls below 50 per cent.; the ash runs lo: 
while the sulphur always exceeds 2 per cent., often occurring in doub 
this amount. 

This seam is also worked at many points in Paris township, holdir 
its thickness and general characteristics. In Sandy township, and al: 
in Rose and Brown townships of Carroll county, which adjoin it, ar 
which, like it, are traversed by the Big Sandy Valley, the two Kitta: 
ning coals are everywhere present, the lower rising and falling | 
volume as usual, but the upper seam maintaining its remarkable stead 
ness, It is here known as the Four-foot seam or Upper seam, but 
seldom rises much above 3 feet in thickness. The lower coal is con 
monly counted stronger as a heating coal, but it runs higher in sulphu 
A few points will be noted in and adjacent to the valley, where the: 
seams are now worked, and where their characteristics may be learne 

The Lower Kittanning coal has been worked for many years ¢ 
the farm of W. Baum, in Sandy township, near the county line, abo 
3 miles north and east of Waynesburg. The coal has always been mo: 
highly esteemed than that of other mines accessible, and consequent 
mining is continued in it, although at considerable disadvantage. TI 
mine is located in a valley, and the coal has but very light cover. 
large part of this consists of the ordinary valley deposits of sand ar 
gravel. There is really no roof to the mine, except what the min 
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‘he seam exceeds 4 feet in thickness, and has the structure 
Ww. 


STRUCTURE OF BAU 
SANDY TOWNSHIP. 


TLGU RE AE I x 


v0" 
Kar 


ar 





inches of coal nearest the bottom is counted the best. 
vs that the high estimate placed on the seam is not without 
average composition is shown below: 


al, Sandy township..a..c.nin in Lord. 
essen 8.20 
CDE Sasse „ 41.79 
DOW. ee reellen „ 61.59 
PER ENEREIER era eere BR 

Tolal nenne ee ee 100.00 
BOND ee ehe 1.93 


gures are exceptional, and show one of the best coals of 
There is not reason to expect a large acreage of this volume 
On adjoining farms the seam is found but 18 inches thick. 
sins like it are sure to reward future exploration. 
er coal is well shown on the farm of Samuel Creighton, in 
p, 2 miles southeast from Magnolia. A mine is opened in 
st of the openings in the neighborhood have been made on 
he coal, and so have shortly filled with water, and been 


G. ‚ 
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abandoned. This mine is opened against the dip, and though it lies 
low that it has nothing to spare, it still drains itself. | 


The structure of the coal is as follows: 


FIGUR! XU 


ROSE | TOW 2 ne GHTONS COAL 
N 
Boue © Coal ox Slate __ 


Coal Upper beach... 
ether a 
ae ower fees 


Choy. N 





Inches. 

Bone coal OF black slate... use anne 12 
Coal; upper bDeuch un aaa 16 to 18 
Parting, sulphur band or clay band...........sccesecceccsssesseases - gto 2 
Coal, bottom bench............ EEE NUN abenuearcanenscecomesscus 18 to 20 


PRESENT EL ARNO RETURN auseseaus 





The thickness of the seam here is 3 feet strong. The coal has 
usual good quality. 

The seam holds its way with even tenor as it is followed up t 
valley. Mining in it has nowhere been attempted, except in farme 
banks, and they are everywhere, but the seam is certain to come in 
demand, and at no distant day. Its steadiness, its quality, and. 
nearness to the margin of the field, are all points in its favor, a 
furnish a basis for successful mining that will not long be disregarde 
It lies low in the hills, and thus occupies a wide area. Thinner sea 
are already successfully mined in the large way in Ohio, and steadin 
is coming to be recognized in its true place as a very important eleme 
in such enterprises. 

The Kittanning clay, underlying the Lower Kittanning coal, is 
element of great value in the lower portion of the Big Sandy Vall 
as will be shown elsewhere. 

This field has nothing to stimulate speculative enterprises, as no 
of its elements have any unusual volume or value, but a safe basis | 
a prudent and permanent business is certainly furnished by it. 

The Upper Freeport coal (No. 7 of Newberry in this field) | 
been named as one of the seams mined in Stark county. Its horizon 
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t interest, but its contribution to the coal supply of the 
nsignificant. Neither it nor the Lower Freeport seam has 
alue as a coal horizon, though both have been found and 
arious localities. 

pper Freeport coal, it will be remembered, bears the famous 
ore of this portion of the State. These deposits will be 
y themselves, and onl the coal that underlies them will 
ation at this point. 

east side of Sandy township, near the county line, on David 
, the Upper Freeport coal has been found and worked to a 
+. The seam was here 3 feet and more. It was overlain by 
iss of bituminous shales carrying considerable iron. The 
mined as Blackband, and were calcined on the ground, but 
ind rich enough in iron to pay for working, and consequently 
removed from the kilns. 

me horizon is also reached on the east side of Osnaburg 
nd also in Paris. Some extensive deposits of Blackband 
worked in the former. The coal has not been opened by 
aburg, but in Paris a few small banks have been worked at 
+ another. None are now known to be in operation. The 
ral between the Middle Kittanning coal (No. 6 of the Tus- 
ley) and the Upper Freeport coal (No. 6 of the Yellow 
y) is 120 to 140 feet in this region. 

her coal seam must be counted among the sources of supply 
unty. It is a seam that is worked in scarcely any other 
the State. It lies 10 to 15 feet above the Upper Mercer 
nd 25 to 30 feet below the Putnam Hill limestone. It has 
ied by its position with the Tionesta coal of the Pennsyl- 
y. The only portion of the county in which it is found of 
ficient to warrant working is in the southwestern corner of 
hip. The seam will be described among the Tuscarawas 
, among which it is known as the Bolivar coal. 
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VI. COAL MINES OF CARROLL COUNTY. 


(See Sketch Map on page 65.) 
The coal seams of the Lower Measures, now worked in Carro 
county, are the following: 


No. 7 on the Tuscara was 
Upper Freeport coal...........ccscsceseee No. 6 on Yellow Creek and Beaver. 


Intervall sn sr ae 80 to 60 feet. 
| No. 6a on the Tuscarawas, 
Lower Freeport coal .....cccccessceseseeees No.6 on Yellow Creek, etc. 
TEBE VA) cxscsasscctnrcbenesxerss PR ERS EIERN TAERIRER 70 to 100 feet. 
Middle Kittanning coal .................- ag 7 San or 
THEY VG) era . 20 to 30 feet. 
Lower Kittanning coal...............s000 ae : = u a ie 


The first of the list outweighs and overshadows all the rest so f 
that no great injustice would. be done if all but this seam were omitte 
in our review. 

The coals of the valley of Big Sandy have already been describ« 
under the preceding section. It is here that the only field of the coun 
is found in which the Kittanning coals have any value. The stat 
ments previously made express the facts as to the quantity, quality, ar 
conditions of these seams throughout those portions of Rose and Brow 
townships that are traversed by the valley. The same seams can | 
followed under like conditions up the Connotton Valley, but they bare 
enter Carroll county above drainage. The facts in this connection ha 
already been given on pages 77 and 78 of chapter I, and no furth 
statements in regard to these seams are called for here. 

The Freeport horizon is co-extensive with the limits of the count 
It lies high in the hills in Rose and Brown townships, and it is b 
occasionally reached, and then only in the deepest valleys, in L« 
Loudon and Perry townships, ia the southeastern corner of the count 
but there is the best of reason for believing that it extends through 3 
of this region, even where it does not come to light in the valley 
This reason is found in the fact that as soon as the proper level 
reached by following downwards any of these valleys, the seri 
promptly appears. The place of the Freeport Group is also deep 
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arts of Harrison, Washington and Center townships, but 
reached in other portions of these townships. 

usta, East and Fox townships there is a moderate develop- 
series, especially of the Upper Freeport coal. The coal as 
is the extension of the Salineville field. It is on the edges 
, however, and is not only thinner than the coal of the Big 
ineville, but it suffers much more frequent interruptions, 
2s of barren ground occurring between the small areas of 
oal. Only country banks are to be found throughout this 
he county, except on the very eastern boundary of Fox, 
al has been opened by the Salineville operators. It proved 
ıny large business here, scarcely exceeding 3 feet. 


THE DELL Roy Coa FIELD. 


2 coal field of the county that has so far attained any im- 
a mining center is that which is known as the Dell Roy or 
» field!’ It has recently been developed in connection with 
of the Connotton Valley Railroad, but at Leesburg, and 
rston the same seam has long been worked to a considerable 
hapter I, pages 77-78-79). 
d occupies the contiguous and connected portions of Center, 
roe and Orange townships. It also extends into Monroe 
Harrison county. The coal seam on which its value 
he Upper Freeport coal, and the field makes the second of 
it basins of this seam so far found. The horizon of the 
beyond the boundaries named, it is true, but on the northern 
margins of this district in Brown and Rose townships, as 
y and Fairfield townships, of Tuscarawas county, its chief 
value are transferred to another element, viz., iron. It 
s the great Blackband deposits that have made the region 


ll Roy coal. field may be counted as beginning in Center 
the vicinity of Carrollton. One mile southwest of Carroll- 
r of mines have long been in operation for the supply of 
d the adjoining country. They all lie a little abeve the 
of Sonustien or its aves tributaries, 3 in the valleys of 
re reached. 
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Of these mines the Moody Bank is the largest and best known 
The coal is 43 feet thick, and the quality is up to the usual standard o 
the seam. The structure is shown in the following cut, Fig. XLIV: 


FLGURE XL 


STRUCTURE OF MOODY'S > COAL, 


Shales_..-_--_------- —— 
Coat vatectupied wit 







Fr 
= aa 


sulphun Lind ers ‚regular ‘4 
era ee i 1 : 
Fisi-clay an: of | = 


An excellent section, embracing several other elements, is found a 
this point. It is as follows: : 


Ft. In. 
White and blue shales, in railroad Cut ..........ccecccssscccscescesecceceses 10 
Coal—Brush Creek, Salineville Strip Vein..............00 seeviausweeeee ~ 0 86 
Fire-clay and shale .........02 sursessososnnennensnosnnneneensnennenensennenn 8 
Limestone and iron ore, in two bedß ..........cccersecesecccncconcescccessee 4 
Lower containing Cythere in beautiful condition. 
Shales anne 8 
Sandstone— Massive, Mahoning ............sssscssssssssscsce snnnnununee 21 
Shalen ca BETEN ERBEREOE IRRE - 9 
Coal— Upper Freeport ........ssssssensenonunununsannnnunsuenuenonnnnennonennsenee 4} 
FirotlsyV sceteeessivccscnvaacanpenaestsoausavaecncvacacsesiiweciemsenwarcaueerns 4 
Limestone—U pper Freeport with Spirorbis Ra Eee 4 
Concesled..uunnnienn arena 20 to 80 


Coal—Lower Freeport, found in well directly below the mine .... 2 2 


The coal in the Moody mine is fairly steady, but in severalfof th 
adjoining banks it has run down in thickness, or has in places entirel: 
disappeared. On the Atwell farm, its limestone shows in full force, bu 
the coal is altogether wanting, so far as investigation has gone. Cla: 
veins are common throughout these mines, but are less detrimental t 
the coal than they usually are. | 

Two miles below the Moody mine, Empire mine No. 1 on the Scot 


farm is reached. 
The mine was opened and equipped for a large business. The coa 


was struck 6 feet thick in the drift, and it maintained this volume witl 











% 
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ılarity and steadiness for more thafi a hundred yards, when 
2 abruptly reduced, running down as low as 2 feet. The 
es attending the purchase of the coal of this farm illustrate 
iness and uncertainty of the seam. After the entry was 
a by the owner of the land, Wm. L. Scott, Esq., and the 
and of excellent thickness and quality, a company proposed 
oal on the farm, but desired permission to test it further by 

entry forward for a week. Permission was granted, and 
intained its character in all particulars. At the expiration 
¢, three days more were asked and granted for continuing 
d still the coal held its own in every respect: A second 
ven was granted, and as the coal was found in full volume, 
est quality, the bargain was closed. Within 24 hours there- 
al began to fail in the entry, and was soon reduced to 2 or 
numerous were the irregularities and failures of the seam 
erty that the mine was soon abandoned, and it stands idle 


wer Freeport coal was found, 18 inches thick, 30 feet below 
‚m in the excavations for the weigh-house. 

ush Creek seam is found on the same farm, and has been 
small extent. It shows the following structure: 


j Ft. In. 
ale with thin plates of iron ore............ diedesbonsessansuseeuuse 2 
rear 0 4 
band, thin 
DEREN UEROEER ORTEN EEE EU TEEN EED EN NPEER NEN NEUEEESAENEEEN „2% 2 
P POTUNG a ss cosiaacsenmdgunsesavecasusuosdausccceuivesenss 0 1 
ER LER pan wagedgeupedisaansoamtagese cdaad:-auceavevelGesaiseveniiaceusass - 0 6 


pearance of the coal is good. The interval between the 
ort coal and this seam is about 50 feet through this region. 
be measured at this particular point. 

1e8 of Samuel Allen & Son, and of the New York and Ohio 
ny (Empire No. 3) are next found to the right of the rail- 
descend the Indian Fork of Connotton. The coal is here 
od advantage. 

s of the product of these two mines shows the following 
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Dell Roy coal, Empire*No. 8........ score sssscsscssossssssscenssscccsscces eosssses LOPS 
Möisture u. naar 420 
Volatıla matter... susanne 87.01 
Fixed carbon sc. een „ 61.64 
Ash ........... a SUSE TEEODENIREREETOESTEREINBEER 7.15 
To) u sedavencinaesccesisieestceudncswcasadesentusviecsexesssauenieess 100.00 

Sulpbur sus 3.09 


Some of the coal produced is considerably better than these figur 
would indicate, but in all essential particulars the analysis is chara 
teristic of the seam. The ash is a little in excess of much of the outpu 

Clay veins make but little trouble with the seam at this poin 
The chief irregularity consists in what are termed horsebacks, which a 
due in all cases to a descent of the sandstone roof, by which tl 
shales are first cut away, and after them the coal more or less serious] 

One of the last-named mines, viz., Empire No. 3, encountered 
descent of the sandstone in recent workings, which extended for t 
yards, and which reduced the coal from 4 ft. 10 in. to 1 ft. 6 in., bi 
the seam regained its full thickness beyond. This channel held a directio 
of 8.15° E. Mr. Andrew Lee, Superintendent of the New York an 
Ohio Coal Company’s mines, has found this to be the general directio 
of the sandstone troughs wherever they occur in this part of the fiel 

The coal of the Allen mine is one of the most regular and valuab! 
bodies of the Dell Roy field. 

Around the village of Dell Roy the Upper Freeport seam has lon 
been worked for local supply, and numerous drift entries still exis 
here. Just beyond the town, Russell and Wetzel have recently opene 
a small mine, in which the coal showed the following structure: 


FICURE XUM 
STRUCTURE OF DELL ROY COAL, RUSSELL BARK, 
Shales ov Sawdrock re 





Cool... ee, re 
Soot Ver. _ 
Coal._— tee E75 
Bua_____-_ ee ee 
Coal ee 
rn peste ann as athena nd 


Fire- clay wills Upper Upper Feeepoct 
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al was opened on the dip, and consequently the mine was 
th water from the first. Water cannot be left in the clay 
coal without causing it to slack and throw the track, and 
th the drainage. The bottom bench is generally counted 
rtion of the seam, but there are no facts of analysis to 
3 view. | 
ne structure characterizes the seam in the Empire mine, 
h has an expensive plant, one-half mile south of Dell Roy. 
1ickness of coal than that last reported is, however, found 
. In the main entry a noble body of coal, fully 6 feet in 
shown for a short distance, but there is also shown here 
apid and disastrous reductions of the coal, which unfortu- 
itute a characteristic feature of the seam in all its extent. 
ı this field always gives way in the upper benches when its 
suddenly reduced, the bottom bench seldom being at all 
he average thickness of the coal in the Empire mine, No. 2, 
in. in the rooms where it was worked, but it is counted a 
Horsebacks were so often met, and were of such large 
mining was suspended here foratime. It has, however, 
d, and is to be carried forward on a large scale. 
eral structure of the seam is shown in the following figure : 


FIGURE XLUY 


peer Fd DELL ROY COAL, EMPIRE 
Sia Les We Sie ore ————— 
Shales, Black. —— 
Coal wnlerrupted, with) 
linders:and soot sal 
iwregula; 

ring -— 
Nog len m. End 


Clay wilh bolls of Lineestous KC N \ 









appointment arising from the unsteadiness of the coal, when 
act is first discovered by the operator, often leads to a 
ndervaluing of the seam, but the fact remains that in spite 
it “ wants,” the Upper Freeport coal is still one of the most 
ns of the State. 
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The composition of the coal of mine No. 2 is shown in the follow: 
analyses: 


Dell Roy coal, Empire NOL D cnsiiuswexsuacsnsncasssnadsnscassanessescencsesensonsss Lord. 


Volatile matter 
Fixed carbon ......cccccccecese secves cosccccccccccccccccescccccscccecs 





_ The first analysis is derived from the coal of the entire seam, 
shown inaroom. The second ıesult was got from sampling the load 
railroad cars. The third analysis was of a single block selected as | 
best of the seam (see page 148). 

Between Dell Roy and Sherrodsville there are numerous count 
banks, in all of which the coal is found in good quality and good thic 
ness. Among them may be named the banks of Pearch, Tholy a 
Yant. All hold the seam in fair volume, but best of all, they indie: 
the wide extent of the general field. 

At Sherrodsville the seam is a little lighter in volume, but this | 
is more than compensated in an increased steadiness. ‘The coal ru 
about 4 feet in thickness. Its structure is shown in the followi 
diagram : 


FIGURE MWh 


STRUCTURE OF SHEPRODSVILLE COAL, 


Saates, Blue..-_-- Sout’ = 
Shales, Black_____.____. ae 





tn I 

CouL interrupted, with He 
binders, wrogular)” = N 
orbiad------- —- un + 
7 a | 


Fre-clay.._.. - 
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nposition of the coal is indicated in the following analysis: 


ITS Bl. reinen Lord. 
TEEN RE RE RSS ROUTE ER EEE CERBE U EOIRREEINENESEIUEERN 4.20 
Diatler une 89.82 
T DOE eier „ 62.58 
Be EEE DENE OEETESTEILTENSETENE 8.90 

MP GUA a ssicocaenacacecsnccssancssesoasedeuttcessecasenae dausneavasszoness 100.00 
Bor... een nie 1.92 


esults show an excellent coal, as far as chemical composition 


sical characters the coal agrees fully with the seam, as 
ribed. It is a bright, clean, well-faced coal. The arrange- 
joints, as shown on page 144, causes it to mine in oblong 
yreatest length of which is generally about 2 feet, this fact 
ined by the intersection of the end-joints or cutters, and 
s of which varies from 8 to 10 inches. This structure is a 
acteristic of the seam. The coal is long grained, in one 
term. ; 
1 !s soft or tender, and makes a large amount of nut and 
processes of mining and transportation. Three grades are 
id, viz., lump, nut and mixed. The nut coal includes all 
rough a screen, 1¢ inches between the bars, 9 to 11 feet in 
et at an angle of 28°. The mixed coal is what passes over 
1a mesh of finch. When this grade has paid the expenses 
it has done about all that is expected of it. 
rodsville a little less than two-thirds of what is sent out in 
3 (65 per cent.) is lump coal. The balance is thus divided, 
sent. nut, and 22 per cent. mixed. The Dell Roy figures 
from this, this coal being a trifle harder, and only 28 per 
hrough the first screen. 
he mixed coal is washed, it loses 5. per cent., and yields a 
of pea coal. Experiments have been made in coking the 
act, which give good promise. 
mal roof of the seam consists of 2 feet of “‘ soapstone, ” or 
le, over which a foot of dark slate occurs, and above this 
g sandstone, generally in massive proportions, is found. 
, troublesome, but scarcely a dangerous roof. In working 
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the coal the shale soon falls in the main entries, leaving the sandstc 
for the permanent roof. 

Rooms are generally worked 20 feet wide, and pillars are left 
feet thick. The aim of the ‘systeth now in force in the mines is to bri 
all the coal back. 

The average daily output of a miner is 3 to 4 tons. The mines 
the district have a large capacity, but they are now producing o1 
15,000 to 20,000 tons per month. 

The coal maintains the traditions of the seam in being confin 
almost exclusively to the production of steam. It finds its chief mar! 
on the steamers of Lake Erie. 


Sherrodsville is the furthest point to the southward at whic) 
shipping mine occurs in this seam, but the coal holds with good volu 
and full value as far south as Bowerston, at least, and the line of t 
Pan Handle Railway. At Leesburg there is a mine that has be 
worked for many years, and the coal furnished by it has an unusua 
good reputation through the surrounding country. There is no go 
ground for questioning the identity of the Leesburg and Sherrodsvi 
coals. At Bowerston, also, the coal has long been worked. It is n 
mined on a small scale by James C. Messenger. The structure of t 
seam at this ee is shown below, the coal having a thickness of 3 
4 in. to 3 ft. 6 in. 


FLGUAE XLV 


STRUCTURE OF BOWERSTON COAL. 





The seam can be traced westward along the line of the railro 
with ease and certainty. At Wyandt’s Bank, and in that vicinity 
miles west of Bowerston, it is shipped in the small way. Ite structu 
here is shown in the following diagram : ' 
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FiLEURE MUX 
STRUCTURE OF WYANDT’S COAL. 
IEAR TUNNEL 


Sales Blue .._____ => 
Shales’ Black. eee - 


‘ool inberzupbad with. 





| a little further westward, it comes into the same section 
1e Middle Kittanning coal, which is there known as the 
Pike Run coal. Its place is more than one hundred feet 
t-named seam. | 

1 is also found in fair development to the west of Sherrods- 
mpson’s Run. It has long been worked here in farmers’ 


eral diagrams given, illustrative of the structure of the 
n to agree in general character, and they help to establish 
‚ll the mines named belong to a common horizon. 
g to the Dell Roy field, a few statements are required as 
Freeport coal. This is often a workable seam throughout 
Like the Upper Freeport coal it is unsteady, but it is 
irge number of the sections in which the former occurs. 
rise beyond 3 feet in thickness, as a rule, and its quality is 
he upper coal. 
een opened in a small way on the C. Smith farm, a mile 
| Roy. The coal is here 4 feet in thickness. It has also 
by Dr. Sherrod, just above Sherrodsville, where it lies 51 
1e Upper Freeport seam, and 12 feet above the level of 
eek. Two feet of black shale immediately cover the seam. 
about 3 feet thick, and is underlain with a clay, carrying 
es of worthless ore. The interval Den the me 
mes reduced to 27 feet. | 
hward dip of the series carries this seam below drainage 
aving this point, in ascending the Connotton Valley, but 


od 
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there is no reason to doubt that it is the Lower Freeport coal w 
has furnished what basis there is for the traditions of an important 
seam at no great depth at Bowerston and in that vicinity. This is 
seam that is reported in the recent drilling done for W. P. Pen: 
Bowerston. The drillers testify to finding from 5 ft. 2 in. to 5 ft. | 
of coal about 70 feet below the Upper Freeport seam. Without cal 
in question their good faith, it seems safe to conclude that the int< 
is not as great as was reported, the measure being taken from the ı 
used in drilling, which is an unreliable mode of measurement at | 
Furthermore, it is possible that the two feet or more of the black sh 
that commonly overlies the Lower Freeport seam in this vicinity, ' 
have been counted as coal. Such errors are known to be of com: 
occurrence. Without discrediting these reports, therefore, and 
without accepting them as exact statements of the facts, it may 
counted probable that a good seam of Lower Freeport coal, 3 fee 
more in thickness, can be got by shafting between 50 and 60 feet be 
the Upper Freeport seam at Bowerston. It is well to remember in 
connection that the Lower Freeport coal is the „haft seam of Steut 
ville, and that this last-named seam ought to be rising to day at, 
this point. There is no reason to believe from any of the facts relat 
to this seam in its nearest outcrops, that it anywhere acquires gi 
volume, and the prevalent belief to that effect in this vicinity is t« 
referred to the exaggerations that fasten themselves so commonly : 
so persißtently to the records of drill holes, and other lines of f. 
that are incapable of verification. 

The Brush Creek coal (Salineville Strip Vein) is fairly develo 
throughout this district. It is mined in the small way at many poi 
but it is nowhere shipped to the general market. 

Other well-known elements that belong to higher horizons are 
course, found in the highlands of the county. Two sections will 
here reported to show the range of intervals that is to be expected in | 
region. | 

The first is found in what is called the “Backbone road” fr 
Bowerston to Carrollton, where it leaves the valley of Connotton, hs 
way between Smith’s Mills and Sherrodsville. The lower intervals 
normal here, but the upper ones are the shortest to be found in t 
district. The section is as follows: 
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Connotton Creek. 
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ef anomaly is in the measurement of 124 feet beiween the 
coal and the Crinoidal limestone. This is nearly 75 feet 
t is expected and found between these elements elsewhere. 
ond section is found at and near Tunnel No. 10, on the 


Jincinnati and St. Louis Railroad. It is as follows: 


limestone (coal blossom 44 feet below limestone).............. 5 
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reeport coal, formerly mined on Clark’s farm on railroad. 
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The normal measures reappear here, though the points at whi 
the two sections are taken are but a few miles apart. A number 
these last-mentioned facts belong to Monroe township, Harrison count 

This brief review has been made to cover the present developme 
of the Lower Coal Measyres of Carroll county, including also the sta 
ments necessary as to the Brush Creek coal. This does not include qu 
all the coal seams of the county, as one of the Barren Measure seams 
worked to a small extent in several townships, but principally in L 
It is known as the Harlem coal. It is found about 40 feet below t 
Crinoidal limestone. It is of good quality, but its small volume p 
cludes the present possibility of its being made a basis of large wo. 
The Pittsburgh coal comes into the county, so far as known, only a 
“blossom” on the highest hills. 


VII. COAL MINES OF TUSCARAWAS COUNTY. 


The type section of Tuscarawas county is to be found in the act 
sections already reported in Figures XIX and XX. All of the wo 
able coals of the county are shown here in their relations to each oth 

There are six separate and distinct seams of coal that are mined 
the county, but there are only two that attain any considerable value 
sources of fuel, and in fact a single seam far outweighs all the r 
combined. 

The seams that are mined in the county are the following, viz. : 


Upper Freeport coal. 
Lower Freeport coal. 

‘Middle Kittanning coal. 
Lower Kittanning coal. 
Brookville coal. 

Tionesta coal. e 


Openings are frequently made to the Mercer coale, but these sea 
add little to the fuel supply of the few districts in which they : 
found, so far as is now known. 

Of the coal seams that are worked, the Middle Kittanning (No 
of Newberry) is by far the most important. The large mines of | 
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county are all established in this seam. The Lower Kittanning | 
(No. 5 of Newberry) is next in value. It is mined for the marke 
two townships, and is worked besides in numerous country banks. TI 
are also important deposits of fire-clay and iron ore included in 
Kittanning series, which are extensively worked within the cou 
Neither of the Freeport coals are shipped from within the county li 
at the present time, though at several points each is found of mine: 
thickness. The Upper Freeport horizon holds, however, quite as c 
spicuous a place, and quite as great economic value as the best devel 
ment of its coal could give to it, for it is the famous blackband iron 
horizon of the county. | 

In addition to the economic elements already noted, there 
several salt wells in the county that derive their brine from the Be 
Grit of the Sub-carboniferous formation, which is quite deeply bu 
here. 

All of these elements, coal mines, ore beds and salt wells 
indicated in the accompanying sketch map of the county. The m 
interesting feature of the map is the careful location of the blackb: 
deposits of the county, as far as they are now known. 


THe Tıonesta Coat (Coat No. 36). 


The coal seam identified as the Tionesta coal is confined in 
valuable development to Lawrence, and possibly Franklin, Wayne : 
Sugar Creek townships. Even here it is of no great importance. 

The position of the seam is from 10 to 15 feet above the Up 
Mercer limestone, and about 35 feet below the Putnam Hill limesto 
Its place and relations are well shown in the Bolivar section, recor 
on page 67. | 

The coal maintains a good thickness through several square mi 
of territory to the west and south of Bolivar, and it is accordin; 
known as the Bolivar.coal. It has been worked on a number of far 
viz., on the Belknap, Zutavern, and Baker farms. At present it 
mined only on the last, and here in a small and inefficient way. T 
structure of the seam is shown in the subjoined diagram : 
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11 is short grained or curly. It is not easily mined, and the 
makes it very dirty. It is used only because of its accessi- 
t cannot hold its place where other coals compete on any- 
qual terms. It is to be noted that the Baker bank is the 
| Northern Ohio in which this seam is at present worked. 
shown in many sections, but it attains its greatest thickness 
ugar Creek township it has been mined in years past, but is 
orked. 


BROOKVILLE Coat (Coat No. 4 or NEWBERRY). 


rookville coal is worked at several points in the county in 
with its overlying limestone. The best development occurs 
wnship. The section found on the farm of William Swaby, 
as been already given (see Fig. XIX, B.). This section is 
the display of the mineral wealth that belongs to this por- 
"series. It contains two coal seams, two limestones, two 
iron ore, and two of fire-clay, that are all worked at the 
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present time. In addition, there are minor deposits of ore and 
that are shown in the section. 

The Lower Mercer limestone is in strong force and of exce 
character here. It measures 6 feet in thickness. It is mined « 
largely for the Dover Furnace. The Gray or Putnam Hill lime: 
is 3 feet thick, and it also is of good quality, and is used for fur 
. flux. The coal which immediately underlies the limestone is b 
here than in most localities. It is 34 feet thick. It is divided 
two equal benches by a clay parting, 6 inches in thickness. Cont 
to what is found in Stark county, the bottom bench has the best rey 
tion, and is used as a blacksmithing coal. The clay that underli 
is also worked for the market, and the three elements combine to in 
the horizon with conspicuous interest. The coal would not be lar 
worked by itself, as it would not be able to compete successfully - 
the Kittanning coals, with which the district is so well supplied, 
coming, as it does, as a secondary product, it is furnished at low r: 
though, of course, in but small quantity. The Brookville seam is 
worked at a few other points in the township under the same gen 
conditions. | 


THe Lower Kitrannine Coat (No. 5). 


This well-known and widely distributed seam (No. 5 of Newbe 
occupies a considerable area in Tuscarawas county. Its most « 
spicuous development is in Sandy township, in the northeastern co 
of the county. It has been worked here for a number of years in « 
nection with its underlying clay, on the large scale. The last-na 
element here assumes its highest quality, and gives the name by wi 
the Kittanning clay is best known in Northern Ohio, viz., the Min 
Point clay. The horizon of the coal is still further marked by 
occurrence of a valuable bed of kidney ore that lies in the shales ab 
the coal. The ore has been worked extensively for the Massillon 
Canal Dover furnaces under the name of Shell ore. This stra 
belongs rather with the small seam of coal, “the 18-inch vein,” ı 
lies 15 to 18 feet above the Lower Kittanning seam, but it is commc 
associated with the latter. | 

The coal seam under oonsideration is worked in almost all port; 
_of the township, but it is only at Mineral Point and in its immed 
vicinity that facilities exist for shipping. The only mines of the to: 
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g of the name in this seam are the two mines, operated by 
, at Mineral Point, the Welsh mine, the Tunnel mine, and 
ened Wolf mine. 

ntry banks are numerous. The following list includes 


Ls 
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l ranges from 2 ft. 6 in. to 5 ft., holding a thickness of 3 
ough a considerable area. Its structure at Mineral Point 
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is shown in the preceding diagram. The divisions of the clay tl 
underlies the coal, and which far exceeds the latter in value, are a 
indicated. | 

The composition of the coal can be learned from the follow 
analyses of Professor Lord: 


No.1. Holden’s new mine, at Mineral Point. 
No. 2. Tuscarawas Coal and Iron Company, tunnel mine. 





The coal has a bright resinous luster, and well defined joints 
cleavage planes. It mines fairly large, but it is tender and does: 
bear handling well. The lower and permanent parting is a pyrit 
slate. There is also visible pyrites distributed through the seam, of 
in large amount. 

The floor of the coal, as shown in the foregoing figure, consist: 
5 feet of plastic clay, below which the valuable deposit of the harc 
flint clay is reached. This upper clay makes great trouble in min 
on account of its expansion in the process of slacking. It more t 
doubles its volume as it slacks, and thus necessitates a great amoun 
work in keeping entries open. Sometimes the floors of the entries n 
to be cut down many times before they are given up. When any wor! 
portions of the mine are left for a few months, they are practic 
‘closed by this rise of the floor. 

The roof of the coal generally consists of shales, the entire inte! 
between this seam and the Middle Kittanning that overlies it gener 
having this constitution. It _ way easily, and needs constant wa 
fulness and care. 

The accidents of the seam in this district affect the mining © 
almost as much as its essential characteristics. There is no known | 
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2 coal field of Ohio where there has been a tithe of the dis- 
1at occurs in the vicinity of Mineral Point. The disturbance 
n its most marked phases in a cut of the Valley Railway, a 
Mineral Point. The rocks of the Kittanning Group, and a 
e Freeport Group are here found in a synclinal fold, the 
f which is complex. There is a northwesterly dip of 60° to 
, of the series. The Lower Freeport coal and limestone are 
ne railroad cut, as well as the Middle Kittanning, No. 6, the 
ng 18 inches thick. The Upper Freeport coal does not 
t a coarse sandstone, apparently the Mahoning, is shown in 
portion of the section, lying horizontal and unconformable 
zes of the upturned series. This fact fixes the date of the 
2», if the reference of the sandstone is correct. In any case 
yut clearly the fact, not hitherto recognized in Ohio geology, 
siderable disturbance occurred near the end of the Lower 
ire period in this portion of the State. 

sults of this movement affect quite seriously all mining opera- 
s field. The disturbance is shown in Holden’s old mine, at 
int, in “clay veins” without number, in rolls and breaks in 
nd sometimes in a doubling of the coal seam for a short. 
The coal has been found to rise at an angle of 45° in the 
to pitch downwards after a short distance at an equal angle. 
there is not another mine in the State that makes any near 
o such irregularity as is shown here. The seam throughout 
s more or less involved, but the trouble seems to have 
in the vicinity of Mineral Point. 


2am is not opened in Lawrence township to any extent, but 
oof of its presence there at some points in fair development. 
is reached in Fairfield in several of the valleys, but the coal 
n reported here. In Dover townsl.ip it is again quite largely 
id the characteristics already given for the seam will apply 
ange to this locality. It is cut by many “ clay veins,” and 
. in it meets with more or less trouble, but still it is a basis 
xtensive work. The largest amount of coal has been taken 
is known as the Bodey or Wilhelmi Bank, opposite Canal 
he structure of the seam is shown in the accompanying figure. 
| of pyritous slate represented in it is abnormal, and is only 
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found in one or two portions of the mine. In Jefferson township ther 
are one or two small banks opened in the seam. 


FIGURE bik 
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The “clay veins” or “clay slips,” as they are sometimes calle 
above referred to, constitute the most serious difficulty in the miner 
work in this bank. When he fires a shot at night, he is never certa 
that a half foot or more of clay will not be disclosed between him ar 
his next day’s work. The Bodey coal ranges from 3 ft. 6 in. to 4! 
5 in. in thickness. Its quality is as good as is anywhere found in th 
seam. 

John Hinkle mines the same seam in the same neighborhoo 
His coal averages 3 ft. 4in. The coal of both banks is used f 
domestic supply in Canal Dover, for steam in the mills and factories | 
the town, and for salt boiling. It is also mined in the township | 
Henry Vogt, F. Lind, and Wm. Swaby. Lind’s mine takes both cl: 
and coal, and the Swaby farm yields a greater variety of minerals ths 
any other one tract in the county. 

This seam has assumed but little importance so far in any oth 
portions of the county. It is often wanting in the scale, particular 
in the western townships, and when present it is generally too thin 
be worked to advantage. In York township a fine body of coal 
probably to be referred to it, viz., the mine worked by Nicholas Winkle 
This coal is 5 feet thick, has a waxy, resinous luster, and burns with 
white ash. It is shipped to a small extent on the Wheeling and Lal 
Erie Railroad. It has an excellent name in the neighborhoods whe: 
it is known. 


THE MIppLE Krrrannina Coat (No. 6). 


The seam now to be treated, so largely preponderates in the co 
production of Tuscarawas county that, aside from the mines alreac 


Mutua sau aı.d Neighborhood Clut 
Grosse Pointe, Michigan 
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but little injustice would be done if the entire production 
ed to it. It is mined in every township of the county but 
Perry, and it is quite probable that it underlies this town to 
r less extent. It is or has been mined on the large scale in 
'arwick, Mill and Union. In the Pike Run district of 
ship, it supports two of the largest mines of the State. In 
ver, Fairfield, Salem and Oxford townships, though not 
mines of great individual importance, the aggregate produc- 
2 seam is considerable. In the remaining townships it is 
sole fuel supply of the people. 


yne, Franklin and Lawrence townships it occupies but little 
3 it lies high in the caps of their southern hills. Here, also, the 
; the smallest volume. It does not generally exceed 3 feet in 
n these towns, and the same measure is found in a large part 

Indeed in most of the townships there are considerable 
lich it is a three-feet seam, though it often gains a few inches 
sasure. It attains its maximum in Goshen, Warwick, Mill 
, ranging here from 34 to 5 feet in thickness, and the quality 
jest here. 


emarkable persistency and steadiness of the seam is nowhere 
rn than in this county. 


} also as wide an outcrop here as in any other portion of the 
proved breadth of the coal swamp being nearly 25 miles, 
rom the western outcrop, southeastward on the line of dip. 

ollowing sections and statements show the structure and gen- 
tion of the coal in a number of the townships of the county. 
ns were taken from the worked mines and banks, and they 
2xhibit, therefore, the best development of the seam, as thus 


ndy township this coal is worked by J. A. Saxton, near 
, the seam being 42 inches thick. John Black works it on 
where it is 4 feet thick. It is also worked on Wm. Rice’s 
ction 13, where it is 42 inches thick. The Zoar Community 
ne in this seam, the thickness being 3 feet. 

over township the coal is worked in a small way by the 
parties, viz. : 
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D. Knisely, Kurtz and Weber, 

F. Rosenberg, Harvey Gibbs, 

Jas. Harper, A. Snyder, 

P. Stockdale, Isaac Crisman, 

8. Rhinehart, D. G. Hill & Co., Dover Salt Well. 
Geo. Weber, 


The coal is 4 feet thick near the river, but runs down in thick: 
as it is followed northward. - Geo. Weber’s coal is 32 inches th 
Kurtz and Weber have 36 inches. The lowest thickness of the o 
banks is 42 inches. The average is 46 inches. Several banks cs 
4 feet quite regularly. | 

The structure of Jas. Harper’s coal is shown in the follow 
diagram : 


TIEURE Witt 
HARPER'S _ COAL’, DOVER. TOWNSHIP, 
Roof Shale______-______- = 


Nop Gaiiisonsxka dies: 
“ Copperas bload________M — 


Bottom Goal_-___-___-- | 
B-— 





In Fairfield township there has been a large amount of coal mii 
for the salt works that have been established here many years. Th 
are also several banks that have long been the reliance of the coun 
about them. 

The following persons are now mining this seam, viz. : 


' Inches. 
Joseph Koller... nenne Section 9—Coal, 48 to 60 
Furney and Cullins.........ccccccccccsssccccccscssccscseees “ 2 “ 48 
Thomas DCO «weise ae «u * 48 
Peter Koller u.a ae “ 122 “ 48 
JT. Köonnedy „euer “ 1 “ 48 
Henry Wallick asssscscsesseisccscssaiscccaestocss: nen Lot 10 “ 465 
Isaiah Ohrikt........0 mein “15 “ 48 
Mrs, W Ol te sisassssscicsarsnsccssssedccessecessicvngsesapconsanans “23 “ 48 


The structure of the ‘seam on Henry Wallick’s farm is shown 
the appended figure : 
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ı township not only far outranks the other townships of the 
en separately, in the production of coal, but it produces, in 
rauch more than all the rest combined. It is the only town- 
ich any large shipping mines at present exist. The seam 
hroughout this district, 4 ft. 6 in. in thickness. It reaches 
m of 5 feet in many instances. 

mposition of the coal is shown in the following analyses : 














Pike Row mine, No; 12... nennen an Lord. 
Pike Run mine, No. 2, or Brock Hill mine...............sccccessees e 
1 e 2. 

ee ae ee a Re ee Bear 2.98 2.69 
BI nein 48.82 44,74 
EN seviraeseameuanueuecvaleneutdisuaservseceds sonst vaeeen-deaesuee 45.82 46.95 
EN LA ESEEEENLUECUEETGESENENTEL II RERIERE EN 7.88 5.62 

"100.00 100.00 
a nau apawedacedewee gave cdeaeecaweueneasansbus sees ctesnereeanueneets 8.24 8.09 


results are believed to fairly represent the seam throughout 

In fact they are applicable to it throughout Eastern Ohio. 
sical characters the coal has much to recommend it. It has 
e of strength, being intermediate in this respect between the 
oal to the north, and the Cambridge coal to the south of it. 
hard to cut or undermine, and does not “shoot” to as much 
is many coals. To blast it, there is required from 3 to 5 cents 
wder per ton. It does not admit of being “shot off the solid,” 
2 undermined and “sheared” with proper care. The miner’s 
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average output is 3 tons or possibly 3% tons of clean coal. The sor 
in use are mainly 1} inches in the mesh. The nut and slack are ; 
erally run together, making a merchantable product, in demand 
steam purposes. 

Royalty is generally paid on clean coal, and the usual rate i 
cents per ton of 2,000 lbs. | 

The round or lump coal is much valued for domestic uses in 
county, but when compared with Massillon coal it is at somewhat « 
disadvantage. Consequently when the coal reaches the lake marke 
is mainly confined in its uses to steam production. It is a favorite 
on lake steamers, and is widely used for locomotives. 

The seam is in reality a three-benched coal, but it is often wor 
in such a way as to show only one main and regular parting. 

The uppermost bench is an impure and slaty coal, that is loc 
known by the name of cash. This cash is generally left in the min 
form the roof, unless it is taken down in the main entries to give hei, 
It gives a safe and permanent roof. Above the cash, which rar 
from 4 to 8 inches in thickness, there are several feet of shale | 
slacks, upon the access of the air, and comes down in a dangerous v 
In these roof shales are many large calcareous nodules or concreti 
filled with beautifully preserved Coal Measure fossils. The shell 
Producta are especially numerous and fine. These concretions | 
doubtless yield hydraulic cement when properly treated, as is infeı 
from their compusition, but the number brought out may not be |: 
enough to lend any value to the fact. 

The floor of the coal is a soft clay. No rock intervenes betw 
this seam and the next coal below, as a general rule. This 
necessitates the leaving of large pillars, which are from 21 to 25 fee 
width. Rooms are generally worked 25 feet wide. The pillars 
‘‘ gripped ”’ at the entrance of the rooms, to confer additional stren 

The main parting of the worked portion of the seam is someti 
not more than 6 inches from the bottom, and sometimes it is as m 
as 21 inches. It is a sulphurous slate, and is known everywhere as 
“copperas band.” It finds market in Cleveland for the manufactur 
sulphuric acid, and considerable quantities of it are shipped for 
purpose. Other partings and slates are found in different mines o 
“different portions of the same mine, and masses of pyrites freque 
occur. 
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structure of the seam is further shown in the appended 

The facts represented in these sections are drawn from 
mines, but each mine will perhaps furnish examples of all the 
3 included in the diagrams, and more. The chief centers of 
n are represented here. 
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Goshen Coal Company, A. W. Brown, Superintendent, ships 
he Tuscarawas Valley Railway, and also by the canal. The 
ocated under the well-known Goshen Ridge. It employs 60 
niners, and has a present capacity of 150 tons daily. Its coal 
ely regular, the only interruption being found in small rolls in 


same statements apply to the Goshen Ridge mine, of Mathius, 
id & Co., which employs 30 men, and ships coal by canal only. 
coal of W. B. Rennie’s mine has the structure indicated in 
liagram : 
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£ 
en 


Ko — = m 





Be 


coal in this mine shows considerable “ white cap” or enorusting 
the seams. This factor is thought to make the coal break 
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fine when blasted, and consequently the miners dislike to meet it 
their workings. The coal of this mine is shipped by canal, exclusive 
to the Cleveland market. The front hills are largely worked out un 
the ridge, and long underground hauls are necessary. 

The Pike Run mines Nos. 1 and 2, the latter of which is a 
known as the Brock Hill mine, are by far the largest of the county. 

The structure of their coal is indicated in the following figure, w 
the qualifications already made: 


FAGURE LV 
STRUCTURE OF COAL AT PIKE RUN MINES 
*Cash’___..-_ eee sh 6° 


Siar fin. 





youre parting... 


eee Gey eR eee ow ewe em ewe ses SESS SS Sl 





Clo antic ENTER 

These mines belong to the Tuscarawas Valley Coal Compa 
O. Young, Manager, Elyria, Ohio. They employ 225 men, and 
shipping from 400 to 600 tons daily. The coal, like that of the |: 
named mine, is coated to quite an extent with calcite capping. 7 
mines of this company are in excellent order. Ventilation is secu 
through a Champion fan, and the air is said to be as good as in: 
mine of the State. 

There are in addition several other mines in the township, as 
Walton Ridge mine, the Goshen Salt Well mine, the Groff mine, 
Jones mine, and other smaller banks, but the statements already mı 
cover fairly well the whole ground. 

The coal of Warwick, Mill and Union townships deserves to 
treated in the same connection with the Goshen coal, as all constit 
but a single field. Mining has been extensively carried on in all th 
townships, along the lines of the railroads and canal, in past years, ı 
the front hills are in many cases worked out. There still remain la 
areas of excellent coal lands, but a little less accessible than those p 
tions already used. It. is probable that the finest body of coul not 
reached in this district is to be found in Union township. 
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ork township there is one small shipping mine, and a large 
‘country banks now open in the Middle Kittanning seam 
The shipping mine is owned by H. Andermann, and leased 
dwards & Co., who furnish all the coal used in the Dover 
ll. A small amount is also sold to outside parties. A 
xists as to the reference of this coal. It may be the Lower 
- geam. The coal is in good condition here. It is 4 feet 
28 large, is clean and bright, and has no more than the usual 
of sulphur. The sulphur band is constant throughout the 
id occasionally an extra parting occurs. The coal of this 
} with a white ash, but elsewhere the seam almost invariably 
rple ash. 

tructure of the seam in the township is fairly shown in the 


ing diagram : 


FIGURE LViit 
SECTION OF GMATHIUS’ COAL. 





ountry mines that were noted in the township are the 


Inches. 


mbaugh.......sccccsees Section 56—Coal,.28—Large amount of pyrite present. 
Beaver... “ 56 "x 

EEE TE “ 4 “ §82—Quality good. 

NOP secscsvanccsssscscads u = 8 “ 42—Good. 

W. Matthias......... „ Lot 18 “ 48—Good. | [tanning. 
k Keizer...... ....... Section24 2“ 58-60-This may beithe Lower Kit- 
rkholder ............. Lot 18 “ 8 

lermann............... *“ 9 * 62 

MKEMEY ......cccceceee - “ &§ “ 48 

LOE sv ssessasevscsswsces “10 “ 8 

LY ccsasacestouccadseseeai Sectionl7 “ 48 

iessweseaiecebatdsaebinens “ 146 #+“ 42 
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In Jefferson townsbip but very little coal is mined, but the 
Kittanning seams are in the main persistent. The middle seam (N: 
seldom fails, and it is worked in a few winter mines. The follov 
list includes most of them: 


i Inch 
Win; Angelina Section 11—Coal, 4 
EN WO ee ne: . Tel “ & 
John. Baker... seen Phillipsburg “ 3 
Alexander Fenton ........ccccccccsossscessccccscssces: covcscccccscsces Section 25 
Abraham. InTBnr. wear * 25 
Michael WHGGLY .uus au asee ne Coal, & 
Mrs: OBE Di ui Lot 36 . 8 
David Bücher ea ein “18 


All of these are red-aslı coals of fair quality. The coals of 
Kittanning horizon hold very close to the level of Stone Creek Va 
which is the railroad grade, through the part of the township trave 
by it. 

Salem township furnishes some of the most interesting and 
portant geological sections of the county. It is traversed by the’ 
carawas Valley, which is carried below the Kittanning horizon, 
the highest beds of which reach to the Barren Measures. 

The Middle Kittanning coal is found here with its usual steadi 
and constancy. It runs from 2 to 4 feet in thickness, as in the tc 
ships already traversed, and is the almost universal reliance of 
community for the supply of fuel. It is or has been worked on al: 
every farm. The following named persons supply a little more 
than their neighbors, but there is not a shipping bank in the towns 


Adam Stocker ......... Becton: Il inside Coal, 24 in. thi 
Adam Kail .............. 8. W. t, section 10............sscccscsscescsscsees “ 2 * 
Conrad Stocker ........ Lot 16, Salem Tract .............. auibeseeueice wo “§ 28 & 
Richard Stocker ...... 1 mile N. E. from Pt. Washington......... “ 80 * 
Alvin Brough......... „Lot 11, Salem Tract........ cccccccccssoscseorecs “ 82 *“ 
Enoch Wolf ............ WOLE Stabon users . 86 “ 
N. Bremer............... Bechiön 18 nannte “ 6 * 
Phillip Arth............ Reset Oth Bestes ie © BBO 
David Rumbaugh.....On canal, 2 miles from Pt. Washington. “ 88 “ 
Andrew Stocker ...... Lot 28, Salem Tract .........ccccccccosccseeres ~ § 42 * 


This list might be much extended, but the range of the co 
well enough shown in these figures. The coal is universally a red 
coal. It agrees entirely with the descriptions already given of 
seam. 
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wer Kittanning coal is not found in the township, so far as 
; both the Freeport coals occur, as will presently be shown. 
ypended diagram represents the structure of the seam in its 
ate development : 


BEER N COA AE PORT WASHINGTON, 


Late Roof 





me conditions prevail in all essential respects in Clay town- 
Putnam Hill limestone makes the lowest important stratum 
ship. The fuel supply is mainly furnished by the same 
2am that we are now tollowing. At one or two points, how- 
oal is characterized by some features that have not been 
rted. 

llowing skeleton section illustrates the leading facts in the 
the township: 


’reek Coal, blossom ........ucnonsnensssonsonnennne (No. 7a.) 
DEVAL anne 50 feet. 

Freeport COal,.....cc.ssecccrccccccscccrscscccccenceses 2 feet thick (No.7). 
Freeport clay. 

erval, from coal to coal .......cccccccecsceeeceveee 120 feet. 

Kittanning coal ............scccsscssscescescccssccees 4 feet thick (No. 6). 
BERL sais sacdincanesnscaceeeccsesaricandacccussveneen . 68 feet. 

ı Hill limestone .......c0sseeessesceesccvacccccesces . 8 feet. 

NO sl. „ 14 feet (No. 4). 


. bend of the canal, near lock 17, the following short but 
section is well exposed : 


G. 
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Lower Freeport sandstone, massive. = 
Bua 255: 5er sense een IC 

Middle Kittanning Coal..sccsssusssencsenn sassvcdtvssenvesessinvnvssiedanseasevsseviese . &§ 
Internal nenne X 

Lower Kittanning Coal u.a 2 
TRCBTY Gl seisvssedicnesrueiarsctacescuinncesiinseeerecs RE FETTE ERSTEN 4 

Putnam Hill or Gray limestone. ...........sc0sscsssccvcsccsesccsovccccsscccsonsscecs 2 

Brookville coal, thin. 

Fire-clay. 

Heavy sandstone. 


On the farm of Esq. L. 8. Winsch, at Gnadenhiitten, a se 
including the coal now to be considered, is found. It is as follow: 


Ft. Ix 
Lower Freeport sandstone, massive. 


Fossiliferous black shale ........cccccc-ccsssccesssscsscccsscescosersesscsces a | 
Blue shale or SOapstone .........sscscccecscccsscnscesescscsveccsscnsesceeececece ss 
“Cash” OF DONG Cosa issicisuccosssdevadetaciess esbalewcevenseosvecncceessvusaciones 
Coal, middle or main bench.........e..essussonsennnunnonunnnnensnsnonenseenuem 2 
* Oopperss Band nennen 
Coal, lower bench „au: 1 
Fire-clay. 


Ce = a OD 6D 


The structure of this coal is represented in figure LX: 


FIGURE LX 


Sumnastom COAL NEAR GNADENHUTTEN, 


ee ase 


To 


"¢ EEE 
oppor 


Clay ------------- nah \ 





There are several banks in the southern part of the town 
about one mile north of the little village of Gilmore, that suppl; 
immediate neighborhood. They are the Cochran bank, the P: 
bank, and the Gilmore bank. The coal as worked here is rather 
viz., 32 inches, and lies very near the drainage level, but it is harc 
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it lacks the pyrite seam that has been so constantly reported 
But 2 or 3 feet below it another coal seam occurs. This 
is one foot or one and a half feet thick. At times the inter- 
’ thins out, and then we find nearly 5 feet of coal with only 
parting. Formerly only this lower bench was worked. It 
r quality, and it had a clay roof, which was troublesome, but 
e led to its being worked in the small way. But the falling 
slay roof showed finally the larger and better seam above, 
nly is taken now. The case is instructive. It shows the 
the seam, which has been found to run steady over hundreds 
miles from one to three inches, suddenly expanding to as 
, and then in places shrinking again to the normal measure. 
f facts will be found interesting in connection with others of 
eneral character that have been found elsewhere in this seam, 
ch attention will be subsequently directed. It is unnecessary 
e many small banks from which the coal of this universal seam 
‚ken out within the township. It never misses its horizon, and 
ineable on every farm in which this horizon is reached, so far 


xford and Washington townships we are reaching the line at 
Middle Kittanning seam falls below drainage. It is exposed 
ıe northwestern corner of Washington, in the valley of Dun- 
k. From this small district all of the coal of the township 
. Five country banks cover the chief production. They 
the parties named below: 


VR 088.2: reales lien Lot 29 
BIBIT 2:0 Sean ocescuwti “ 
Fivecoald near oo AT 
ı Murphy anne de . “ 24 
1G BIODBF isn “88 


l these cases the ooal lies very low in the valley, having no 
ı the necessary height for convenient handling. At the Kees 
“cash” has turned into a slaty cannel coal. It comes down 
l furnishes working height in entries and rooms. The coal is 
ine, and is in good repute. Its structure is shown in the 
ying diagram : | 
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FAGURE GXth 
SECTION OF DANIEL KEES? COAL 
Soapstone Roof ------ ----_ SSS 


Comael Coal oe" Cash. u 






Cool, coppetos at bottom 
| WSs 
Soft Fire-doy ES N N 


At John Fivecoat’s bank we find the seam somewhat thicker. 
structure is as follows: 


Inches. 
Slate. 
Coal, upper DENCH éccssescscessssssccasenscssvcsessccecvasescesesacvaovecdendieseswoevenss 29 
Clay or copperas parting .........s0ccccssesssce sssssceesceseosee sceescoesecees 1 
Coal, lower bench. u... ann 15 
Clay. . 


This mine produces much more than any other mine in the to 
ship. It is credited with 20,000 bushels annually. The Murphy b 
is of the same general character. A section of the coal is shown bel 


FALGURE Urt 
MURPHY’S CDAL,WASHINGTON TWP. 
Slate.......-__--__-__---. = 


Batlle Ayelies- Bez 
4 N 





In the Tuscarawas Valley, at New Comerstown, Oxford townsh 
we find excellent sections illustrating the general geology of the distr 

At the iron bridge, just south of New Comerstown, there is as 
tion of the Lower Mercer horizon of unsurpassed clearness. It is 
follows: 
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Ft. In. 
one. 
WIRED Or6 NOC CON u. 4 
PYG erinnern 8 
A CONG” anna 2 
Mercer limestone .....ccscccoscssessesccccccccscvcccscscccesscssccosccecs ‘ 10 
Mercer COG lee anne enansien 4 
ry. 

ith balls of ore at DOttOM.........cccccscccece:sesveccscsvescsecccess 1 8 

WAT SEONG nn een ER 8 2 
NGO OR NEEREEUTL NEE FOREN 1 4 
if low water In FIV OF vissiccinasnciccccissccvscwencccdcciccsseiaewessecseue 8 


FLEGURK kX) 


ECTION AT. IRON BRIDGE NEWCOMERST OWN 





ower Mercer Goal ----- - ----- -- 


TO-CcAaU-- = - Ss. anni BR . 
a h ove wodulesi ore ak Lettenn) /Ir ; A Tad 
a aeons! ver = ‘Cs 2 
0 Bor So oe Si eee ee eee A gi 


sr section is found near Suydam’s lock that includes more 
It is as follows: 


Ft. In. 
Kittanning coal (No. 6).....cccccscsssscccscccscrsccscrsseseccoscccoes 8 9 
BIVR en 68 
ı Hill or Gray limestone...... .. ....scscosccerssccscsvessccece sasees 8 
ille coal (No. 4), thin. 
OPV Gl eisen acess sui e'seealvasaevesuceseeseansis 874 
a (?) coal, overlain with sandstone .............0.cccccssosssseoes 1 
Balearen „ 74 
Mercer limestong;......userssssossonuuosuonnsonsnnonnsenonsrenene itm 2 © 
Mercer coal, thin. 
OR VON ner eercccncecs OR 
Mercer limestone .........cccccrccccccssccccccscescocnes peveueuaccccers . 86 
Mercer coal. 


longer section from this vicinity is shown in Fig. XX. 

lditional statements are needed in regard to the coal. One 
of it, in part of its extent, is the reduction or occasional dis- 
of the lower bench of the coal and of the overlying copperas 
uch cases the thickness of the seam is correspondingly re- 
here the seam is thus reduced, it generally measures 28 to 36 
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inches. The Lower Kittanning seam fails throughout this township, « 
far as now known. | 

Considerable disturbance of the series is shown in the tunnel, soutl 
of Newcomerstown. The coal that is cut in the tunnel has been faulte: 
and doubled to an unusual extent for an Ohio seam. 

The coal seam now under discussion has been followed through th 
central townships of the county, and has been shown to be universal i 
its distribution, and steady, if not generous in its development. It re 
mains to indicate the leading facts as to the seam on the line of it 
‘western outcrop. This outcrop occupies parts of Franklin, Wayne 
Sugar Creek, Auburn and Bucks township. The valley of the Sout! 
Fork of Sugar Creek traverses these townships, and contains in th 
hills that bound it a fair showing of this seam as well as of the other 
that belong to the section. Quite a careful examination was made c 
this line a few years since by Professor E. B. Andrews, of the Geolog 
ical Survey, in the interest of the Connotton Valley Railway extensior 
A number of facts gathered from his published report will be used i 
the succeeding brief account of the same district. 

The Middle Kittanning seam (Coal No. 6) lies high in the hill 
along this line, and consequently its acreage is much less extensiv 
than in the townships already reviewed.. Coming southward fro. 
Stark county, it is first found in what is known as the Agnus Hill, ı 
Franklin township, 2 or 3 miles south and west of Beach City. TI 
coal has long been worked at this point. It has been mined main 
under light cover and is of comparatively small volume, measuring but 
feet 3 inches, all told. The hill rises high enough in the ridge to whic 
it belongs to furnish a scanty showing of the Freeport horizon, both | 
the coals being represented by “ blossoms ” at least. 

A mile or two southward the seam is again worked in the Ha: 
bank. It is 4 feet thick, and has a good name in the neighborhood. 

Still further southward, and in Wayne township, we find the Shot 
bank, the Baker bank and the Wallick bank, all in the same coal. TI 
first of these openings shows unusual volume for this seam, the measur 
ment reported here being 5 ft.2in. The coal of the Wallick bar 
shows a thickness of 4 ft. 4 inches. The bottom bench is 13 inch 
thick, and the parting 1 inch. The areas in all of these cases a 
limited by the fact already referred to, viz., that the coal lies high | 
the hills. The quality is of the usual Middle Kittanning type. 


THE LOWER COAL MEASURES. 279 


In Sugar Creek township there are several winter banks open in 
‘is seam. A little coal has been mined from it at Shanesville, but the 
am is thinner here than at some other points. The Dummermuth, 
unk, and numerous other banks, situated in the eastern part of the 
wnship, yield a considerable amount of good coal. The thickness of 
e seam ranges from 3 ft. 2 in. to 4 ft. 2 in., the increase oceurring in 
e lower bench, 

In Auburn township the mines of Lebengut, Buehler, the Zimmer- 
ans, and others, furnish a large local supply. The quality of the coal 
rerages fairly well with the quality of the seam taken as a whole 
roughout northeastern Ohio, but it is not easy to see how certain 
aims that have been made for the coal of this particular region, as 
passing all other coals of the bituminous field, the Youghiogeny coal 
cluded, in calorific and evaporative power, could have originated, 
uch less how they can be substantiated. The Lebengut coal as sampled 
om a freshly mined wagon load, shows the following composition : 


Coal of Washington Lebengut’s bank, Auburn township ..............-Lord, 


eT RES SLs catvuadedub bgubbsl sense ansehen MET 
Sulphür aurnserssesneoensessensssnennesnessensnessonennsnnnensennnnennnunnnnen — 8,79 


These figures indicate the seam from which the coal is taken clearly 
ıough, but they do not show by any means its highest phases. The 
mount of sulphur is large, and the ash is somewhat in excess of the 
pst results. So also the fixed carbon is one or two per cent. below the 
verage of the seam. 

The bottom coal of the upper bench has a local reputation as a 
nith coal. The same portion of the seam is applied to the same uses 
1 Stark county, as will be remembered in the description of the Osna- 

The Lower Kittanning coal seems to be wanting in the townships 
st named, and indeed throughout a wide territory in Tuscarawas, 
lolmes and Coshocton counties. A fossiliferous limestone comes into 
he series not far from the proper place of this coal in many sections. 
‘his limestone perhaps represents the missing coal, but the more prob- 
ble reference of it is to the Ferriferous limestone horizon. 
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In Sugar Creek township a coal seam has been somewhat wor 
in past years that has been variously identified as Coal No. 3a (U] 
Mercer), or Coal No. 35 (Tionesta). The interval between these c 
is small, but from the facts given in regard to the occurrence of 
last-named seam in Lawrence township, it seems more probable — 
the Winkelpleck, Yoedder and Nead coals, found near the certer of 
township, should be referred to the Tionesta horizon. Whatever 
seam may prove to be, it is not likely to add very much to the 
supply of the township, at least for some time to come. A good th 
ness is reported in several of these old openings, the coal ranging f 
3 ft. to 4 ft. 2 in., but the seam is nowhere worked at the present ti 
so far as known. In other words, it does not appear able to main 
itself in competition with the upper seam of this same region. 

The Middle Kittanning coal may be fairly inferred to ext 
throughout Bucks township, without serious interruption, as it is fo 
in good development both to the west and east of the township. ‘ 
land lies mostly in high, dividing ridges, that rise far above the hori 
of the coal. 


THE FREEPORT COALS IN TUSCARAWAS COUNTY. 


Reference has been already made, in passing, to the several elem: 
of the Freeport Group as they have come into view in the general secti 
that have been reported. Attention has been repeatedly called to 
fact that the Upper Freeport coal is far less important in Tuscara 
county than the blackband ore that accompanies or replaces it in 
central townships. The ore of this horizon will be treated of in anot 
chapter, and a few statements will suffice for the coal. 

The group as a whole is shown with great distinctness in all 
townships of the county, except the four following, viz., Lawreı 
Franklin, Wayne and Sugar Creek. Even in these there are occasic 
outliers that contain good exposures of the series, but the series sh 
no economic value, so far as is known. 

The Upper Freeport horizon embraces, as will be remembered 
coal seam, a limestone and a clay deposit, in addition to the local 
cumulation of iron ore, to which reference has just been made. 
these the limestone and the clay are the most persistent. The forn 
indeed, is everywhere found at its proper level, constituting the | 
known of the buff limestones of the county. 
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pal is nowhere mined by and for itself in any large way in 
t. A few small banks are opened in it, but almost all the 
he seam produces in the county is directly associated with 
of the blackband ore. In thickness it seldom exceeds 2 
uality it is always poor, chiefly from the abundant dissemi- 
cales of pyrites through all the joints of the coal. When the 
1d, the coal is also taken. It is used to calcine the ore, and 
3 remove all surplus, which is sold at a nominal price. 

is, however, a singular duplication of the main seam at many 
his and in adjoining counties, and the supernumerary bed 
y affords a fair chance for a winter coal bank. From 1 to 
ow the blackband coal, another seam, ranging from 1 to 4 feet 
38, is often found. In quality it is never the best, but it is 
ess impure than the regular seam. It is known to exist in 
efferson and Salem townships, and its presence in other town- 
rly inferable. 
est showing of the two seams in the last-named township is in 
ast corner, on the farm of Paoli Bremer. Here also the in- 
veen the two seams is reduced to its smallest proportions, viz., 
nd shale parting of 6 or 8 inches only, the two seams aggre- 
et in thickness. The coal has been worked in past years to 
it, but its quality discourages operations in it at present. 
e Yackell ore hill, in the same township, the lower coal is 10 
the regular seam, and its quality is somewhat better here 
emer’s. The seam is 4 feet thick, and a drift entry to the 
t open. 
fferson township the double seam is shown in most of the ore 
t has no importance or value. It lies from 10 to 15 feet be- 
ackband coal. 
ıburn township the double seam is shown in two of the ore 
the Shaw and the Cattcott hills. It ranges from 3 to 4 feet 
ss, and is about 15 feet below the regular seam. 
luplication of coal seams is an interesting phenomenon, which 
iore careful investigation than the Survey has been able to 

Examples have already been given of cases of this sort, in 
. with the Clarion coal in Columbiana county, as well as with 
Freeport coal in the present instance. The same line of 
be reported for this horizon in Guernsey county and for the 
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Middle Kittanning seam in Perry county. The Diamond seam at I 
ton may also be looked upon as a twin or double seam, as will be « 
by reference to the account given of that interesting and anomalous 
posit. | 

In the present instance, facts have not been acoumulated in s 
cient quantity to warrant an attempt at explanation. The suggestio 
offered that the lower seam may replace the Upper Freeport limest 
at the apparent horizon of which it is found. A wider examination 
the field may show this suggestion to be inadmissible. 

The Lower Freeport coal (No. 6a) is found at but a single locs 
of a single townsbip in the county, so far as is known. The section 
ferred to is shown in Fig. XX, A. It was taken on the tract m 
famous by the expensive plant and disastrous failure of the Glasg 
Port Washington Furnace Company. After locating in baste, the e 
pany proceeded to explore at leisure, and among the deposits inve 
gated was an abnormal coal seam, that lies 40 feet below the blackb 
coal. The seam was exceedingly unsteady, ranging from 2 to 9 fee 
thickness, Its appearance, when freshly mined, recommended it, 
its quality was so sulphurous and impure that nothing could be d 
with it as a furnace fuel. Experiments were made in coking the s 
and also in purifying the coke by washing the coal, but the quality 
too poor to admit of any successful amelioration. This seam 
strangely enough been confounded with Coal No. 6, or the Middle ] 
tanning seam, but there is nothing in common in the characteristic 
this irregular and impure bed with the steady and serviceable coal s 
that bears the latter name and number. Moreover, this latter sea 
found in its own place, with all its normal qualities, 70 feet below 
Lower Freeport coal, now under discussion, as shown in Fig. XX. 

The Lower Freeport seam will, no doubt, be found at many po 
within the county, in the course of subsequent explorations. Its blos 
is not linfrequent in the hills, and it is known to be of fairly work: 
proportions on the eastern margin of the county. 


VIII. COAL MINES OF GUERNSEY COUNTY. 


The range of the Lower Coal Measures in Guernsey county is f 
the Putnam Hill limestone to the summit of the series, viz., 
Mahoning sandstone. The Barren Measures are well developed thro 
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and yield a considerable local supply of coal from two or 
On the southern and southeastern borders of the county 
Yoal Measures occur, and they here contain a fine develop- 
seam called the Cumberland coal by Professor Andrews. 
: of Stevenson’s sections, and the Barnesville coal of the 
rt. 
‚wer Coal Measures are limited in their development to the 
ys of the northern and central regions of the county. The 
min Figs. XVI, XVII and X VIII, of chapter I, serve to 
2 general order. 
lowing seams of the Lower Measures are worked to a greater 
t in Guernsey county at the present time, viz. : 


‘reeport coal. 

‘reeport coal. 

Kittanning coal ? 

Kittanning coal. 

he first and last of this series have any large or general 
y constitute Newberry’s No. 7 and No. 6 of the Tuscarawas 
1e remaining seams might be discarded without decreasing to 
able extent the coal production of the county. The Upper 
the only one of these seams upon which any shipping mines 
in the county. 

wer Kittanning seam (Coal No. 5) also exists in fair thick- 
good quality in the valley of Will’s Creek, from Kimbolton 
as far as Miller’s Ford. Throughout this portion of the 
nnot be said to lie above drainage in any profitable sense of 
ut it is just about level with low water for a considerable 
territory. 

nmbolton, Hon. T. S. Luccock reached the seam in a shaft 
1is residence. The coal lies 38 feet below the upper seam, 
mmediately below it the Kittanning clay was found, with a 
f 20 feet. It is a plastic clay, and is white and promising. 
feet below this seam the Putnam Hill limestone was struck. 
tratum is found a mile further down the valley on the land 
me, where is has been quarried and burned for lime for a 
years. The quality of the coal found at Kimbolton was 
od. 

xt shaft that reaches this seam in the valley is a trial pit at 
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Warden’s Salt Works. It was sunk in 1881. The Middle Kitta: 
seam has been very extensively worked on the Warden farm for | 
years to furnish fuel for the salt works. The lower coal was foun 
than 30 feet below the last-named seam. It is reported to have 
4 feet and 9 inches thick. Judging from samples of the coal that 
saved, the quality is excellent. The coal looks bright and hard 
pure. The following analysis shows the composition of one of 
fragments, and bears out fairly well the general judgment alread 
pressed. The analysis is fully up to the standard of the seam: 


Lower Kittanning coal, from trial pit at Warden’s Salt Works........ Lord. 
Molsture ae 8.06 
Volatile Matter: eu. nr - 89.27 
Fixed Carbon ..0u Seen - 650.12 
Mel gerssssssnnesssanssnssnssnssssnntnssnnnnsan nenn 7.56 
100.00 

Ub INE nn ee 1.65 


Still another shaft has been sunk to the coal in this neighborl 
Robert R. Miller found the lower coal 28 feet below the upper 
(No. 6) on his farm. A valuable section, including another coal s 
is to be found here. It is as follows:' 


Feet. 
Lower Freeport coal, mined formerly................ ine 14 
Intervallen 10 
Lower Freeport limestone.......cccscececccscscecsnsescces coccccsoucssceseccessccccoces 1 
DELO EV Bl ocsseccatvcisnecs cals cosas secutecucecaahessianvesssuunencueciieenasweeueeiwecnes 65 
Middle Kittanning coal, No. 6 ..........scsecssscesecssesscncsscscscscccesscsscceces . 8 
Interval .........sesccss PIUTITITITITITITIRTITTLETITITETITITET ITT TTiTETreTirrririi titre 28 
Lower Kittanning al... 8 


There is thus seen to be a deposit of the Lower Kittanning 
through a number of miles of the Will’s Creek Valley, that gives 
promise of economic value. It certainly deserves to be more thorou 
tested, for there is an apparent promise of a large field of good coal 


THE MıppLe Kirrannine CoAL (Coat No. 6). 


This seam is confined within the same narrow limits which 
assigned to the previously named seam. It is found above draina; 
Guernsey county only in the deep valley of Will’s Creek, in Whee 
and Liberty townships, and to a very slight extent in Cambridge. 
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ing of the coal is limited to Liberty township. From Kim- 
ere it is found 85 feet above the level of Will’s Creek, it can 
1 up the valley by connected workings as far as Broom’s Salt 
nere it lies 15 feet above low water. It descends below the 
this immediate neighborhood. Throughout the territory 
etween these limits, it is or has been worked on every farm 
e. 
oal is found in a single bench, which varies from 30 to 36 
thickness. A sulphur and dirt band occurs below it, which 
epresent the parting in the seam that is so commonly found 
According to this view the coal consists of the upper bench 
n seam. The seam seldom yields fully 3 feet of coal, but 
mined out, it leaves “a three-foot hole in the ground.” 
1ality of the coal is probably below the best standards of the 
it is still a well approved fuel for ordinary uses. The per- 
ash appears to be somewhat higher than usual, and, in short, 
gradually giving way in quality and quantity. 
pening to the seam, on Robert R. Miller’s farm, shows 18 
oal, overlain by 18 inches of black fossiliferous slate, a fact 
| by itself so far, in the township. The immediate roof of 
consists of a few feet of shale, above which a massive and 
onglomeritic phase of the Lower Freeport sandstone occurs. 
yal of this seam has kept in operation the several salt wells 
ey for a long term of years, and in furnishing this supply, a 
e acreage has been exhausted. The front hills, especially, 
-obbed of their coal in the vicinity of the wells, so that it is 
lifficult in some cases to approach the undisturbed body of 
8 behind them. _ | 
be counted sure that this seam will furnish in years to come 
considerable mining operations in the Will’s Creek Valley. 
ess insures this result, despite the small measures reported 


THE Upper KITTANNING CoAaL? 


| be remembered that a small coal seam has been reported in 
nd Columbiana counties as a normal element of the series 
: Middle Kittanning and Lower Freeport coals. The same 
ms to be shown in various sections in the Will’s Creek 
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Valley. To it should be referred, apparently, a thin but very y 
coal, mined in a very small way, and only for blacksmiths’ use, on 
Oldham farm, two miles northeast of Cambridge. A thin seam fo 
many years ago in the bed of Will’s Creek, in excavating for the fo 
dation of a mill, in the village of Cambridge, testified to by Hon. I 
Morton, belongs also at this level. Here, too, may perhaps be pls 
the seam that is reported by credible witnesses as lying about the | 
of Crooked Creek, west of Cambridge, and sometimes taken out of 
bed of the creek. The seam has also been opened at Warden’s | 
Works, in Liberty township, but it was too thin to admit of b 
worked. It adds nothing of value to the coal resources of the cou 


THE LowER FREEPORT COAL. 


This seam is but of the smallest account in Guernsey county, 
its place can be seen in numberless sections. One opening to the s 
has been already noted. On Robert R. Miller’s farm, in Liberty to 
ship, an entry was driven in upon the seam for a number of yards, 
the thickness of the coal, which was 18 inches, did not warrant fur 
work. The seam was here covered with 4 feet of blue shales. In 
Tunnel section, near Cambridge, the Lower Freeport coal is also sh 
(see page 86). The coal is 15 inches thick, and is about 55 feet be 
the place of the upper seam. 


THE UPPER FREEPORT Coat. (Coax No. 7.) 


Not only is the Upper Freeport coal vastly more valuabl 
Guernsey county than all of the other seams combined, but the mii 
center to which it here gives rise, takes rank among the most impor 
coal fields of the Stute. The coal of this seam is known in the mar 
as the Cambridge coal. | 

The seam comes in from the northward as the blackband coal. 
important field of the blackband ore is found on Bird’s Run in Ox 
township, Tuscarawas county. It extends across the county lin 
some of its outliers. We find here the coal 15 inches thick, but : 
sulphurous and impure, so much so, in fact, that but little use is n 
of it. The noble deposit of ore, 6 feet in thickness, that overlie 
gives great value to the horizon, despite the worthlessness of the 
‘The blackband is 143 feet above the Middle Kittanning: coal. ' 
-horizon can be followed with ease and certainty through Wheeling 
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vnships. It yields but little coal, so far as known, in Wheel- 
ip, but in Liberty it gives rise to numerous small mines. 
iortherly of these banks is that of Joseph Proctor in section 
le east of Kimbolton. The following elements are shown in 
rom Wills Creek Valley: 


Feet. 
Upper seam, formerly mined ............... 23 
Freeport coal | Black shales, with plates of ore......... 6. 
Lower seam, MiNE..........cccce scores sosees - 8 
POE V Gl en a re 50 to 60 
Freeport coal, chiefly cannel and black slate. 
BE ae cs co tiees states eseraaetenetessciseaessestaseineenanetveaee "70 to 80 
 Kittanning sea osiii cc ccc ics cscsectscesicwaceensensrccisucsdeasbeaesse 3 


am is here apparently split, as at numerous points in Tusca- 
ty. The two openings are not directly over each other, and 
station may be changed by further development, but the view 
e seems the true one, as the facts now appear. Both seams 
worked, but the lower one only is mined at the present time. 
"of the coal is fair, as judged by the testimony of those that 
it, and by the appearance of the entry. In going southward, 
nce of mineable coal at this level becomes more frequent, 
| there are many points at which clay and limestone and 
s are very conspicuously displayed, without any coal being 
else with a seam too thin to be mined. At Broom’s Salt 
coal was opened, showing but 16 inches in thickness. On 
le of Wills Creek, in section 24, Cambridge township, on 
chet farm (now Ford’s) the seam has been mined for a num- 
8. 


FIGURE LXW 


STRUCTURE OF CAMBRIDGE COAL SEAM 
ON arg ee idan (FOROS) 


ook 


L---... nn mn 
a! 
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It is here doubled, but it is the upper bench that is chiefly mi 
The structure of the seam is shown in the preceding diagram. 

The lower cval is so sulphurous and impure, and the interve: 
clay is so hard and stubborn, that the miner finds no advantage in g 
below the main bench. A considerable quantity of coal has been ta 
from this bank. There are other showings of the seam of the : 
character in this and in the adjoining townships of Knox and Ad 
and also in Westland township. | | 

The duplication already described seems to be common, if not, 
eral, throughout this district. This structure is well exhibited i 
entry driven in upon the coal by Messrs. Steele, Lanfesty and Rin 
in Westland township, near Cassell’s Station. The double seam 
fine volume, but the intervening clay is very hard to mine, and 
lower coal is not of as good quality as the upper bench. The latte 
divided by several inconstant sulphur “ binders,” but, on the wi 
shows fair and marketable coal. A county mine on the Farrar fi 
adjoining the last-named drift, has been worked for 30 years. H 
too, only the upper bench is taken, which is scant three feet in th 
ness, but of approved quality. The structure of the coal at the Ru 
bank is shown in the following figure: 


FIGURE LXV 


STRUCTURE OF CAMBRIDGE COAL SEAM AT 
STEELE, LANFESTY AND au MINE 


stone -Nahonin 
(Coosse and pebbly ) 


Black. oad Une ahale..... a. 





(unth won bomde) ae a 
Coal with aa ie ; 
Five-clay, sadly arcvds bough WN nt” 
Coal - poor qualidy.. a : 


There is, without doubt, a large amount of: fuel scattered thro 
the townships already named, at the Upper Freeport horizon. § 
of these local beds will probably be found to furnish a fit basis for s 
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; in time to come, but in any case, small mines, but of con- 
ggregate importance, are sure to be maintained in these de- 
» long period. 


THE CAMBRIDGE CoAL FIELD. 


ave now reached the confines of the great development of the 
ıernsey county. In parts of Cambridge, Center, Jackson and 
‚nships, the Upper Freeport coal scores its highest mark in 
quality the seam is nowhere else quite as good as here. In 
‚he Cambridge coal has an advantage, at its best, of a foot 
er of the other fields that are based upon this seam. In 
and persistency, though very much is to be desired, perhaps not 
uch is to be deplored as in the two eastern districts already de- 
“here are several mines of large extent in which no interruption 
:n encountered, but in almost all, more or less serious “ horse- 
d “‘ wants” are met. In a number of the mines, the interrup- 
ntinuity have proved very unfortunate, but in no case have 
‘ht complete failure to the mining enterprises established on 


Sambridge coal field does not extend to the limits of the 
Cambridge, but it occupies the southern tier of sections of 
ip. It goes under drainage not far from the eastern boundary 
dge, the Scott mine being the last that is level free. It 
‚its best volume and conditions, through the central portions 
1 township, and through the northeastern sections of Valley 
In the main, the areas now described form portions of the 
Will’s Creek and of Leatherwood Creek, from which, and 
inor tributaries of which, the coal has been, in all instances, 
The seam goes under drainage near Byesville, in the center 
. township, but some of its most important mines are located 
ond this point. 
‚ambridge coal agrees with the product of the other fields of 
seam already described, in both physical and chemical prop- 
ke the Big Vein of Salineville, and like the Dell Roy seam, 
ght, well-jointed coal, mining in large, oblong blocks, but. 
'ength to bear transportation well. The Cambridge coal is 
the Upper Freeport seam in the other fields that have been 
G. 
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named, a two-benched coal, the lower bench averaging 1 to 14 feet, 
the upper bench running from 3 to 5 feet in thickness. The uj 
bench has no regular slates or partings, but it is seldom found wit! 
arregular bands that give rise to considerable “dirt” in mining. 

It cuts easily, but does not bear powder in excess. Three cı 
worth of powder is enough for a ton of coal. . Like the coals ab 
named, also, it has a definite chemical type. It averages 53 per c 
of fixed carbon, and about 37 per cent. of volatile matter. It is mc 
rate in water and ash, but rather high in sulphur. These facts h 
been already shown to belong to the seam generally, and to b 
characteristic of it as any facts in its physical structure. 

It remains to describe in brief terms the leading mines establis 
in this field. There are two sections of them, viz., those establis 
on the Baltimore and Ohio Railroad, along Leatherwood Creek, 
of Cambridge, and those established on the Wheeling and Lake ] 
Railway (formerly Cleveland and Marietta Railroad), in the valle 
Will’s Creek, and its tributaries south of Cambridge. 

There are four mines in operation along the line of the B. & 
Railroad, east of town. They are named as follows: 


Guernsey mine. 
Cambridge mine. 

Scott mine. 

Central or Norris mine. 


The first three of these have been established for a number of ye 
and a large acreage is already exhausted. 

The Central or Norris mine includes 350 to 400 acres of coal 
the southwestern corner of Center township. The coal has a nat 
thickness of 5 feet. It sometimes gains two inches, and sometimes | 
one or two in its undisturbed portions, but in the main it holds 
measures above given. The structure of the seam is shown in 
following figure. 

The bottom bench is thought to contain the best coal, but 
somewhat more tender than the top coal, and as the “ bearing in 
done in this portion of the seam, it is brought out mainly as small c 
The upper bench mines in large blocks, but it bears neither transpo 
tion nor storage well. It is used almost exclusively for the produc 
of steam, a large part of it being taken by the railroad company fo: 
locomotives. It is well approved for this purpose, kindling ea: 
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FIGURE LAV 


STRUCTURE OF CAMBRIDGE:-COAL SEAM 
T NORRIS' MINE 
wad dach. Shales 


os porting _—-— na = 





good evaporative power, and making but little troublesome 
The coal is cleaned by screens that are 1} inches between the 
1ese screens remove from one-third to one-half of what is sent 
1e {bank-cars. The railroads are coming to use more of the 
rades of coal, one-sixth of nut coal being taken with the lump 
any eontracts, but the slack and smaller grades of coal are for 
part entirely lost. 
bank-cars are brought out by a wire cable, the Norris mine 
of the first in the State to succeed with this apparatus. The 
ry is worked “ quartering,” for the sake of making a straight 
r the cable. At 110 yards from the bank mouth a “ horse- 
’ Mahoning sandstone was struck. The coal was cut down to 
parting. The entry was pushed forward through the rock for 
s, without finding steady coal, and the question was raised 
the advance was not being: made along the axis of the sand- 
ugh. The coal will accordingly be attacked from other direc- 
lay veins come in to complicate the mining, and reduce the 
the coal. Three of them; occur within 60 or 70 yards on the 
of the trouble. “Slickensides” is common in the coal, and 
he strength of the pillars. One-third of the whole seam is 
lars, and these latter are hard to win, and are quite largely 


composition of the coal from this part of the mine is some- 

ww the standard, but it is believed that there is a large body of 
coal tributary to this mine, and that its last N which are 

way, will thus prove to be its best days. 

lysis of the output shows the following results: 
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Coal Of Norris Mine... en Lord 
Moisture .......0ccccccccscccccecccece siceausaeucaceenaes encode scones rare 2.91 
Volstile matler u... urn „ 87.84 
Fix6d carbon u.a TERROR ER „ 61.07 
AGW BERERBERORER TEE R ERINNERN OL RTERRORT 8.18 
100.00 

Se PNG in. Bu 8.18 


The Scott mines that come next below are located in Cambridg 
township, and are among the oldest mines of the district. The Sal 
Works located here antedate the railroad by many years, and a-con 
siderable acreage has been devoted to them alone. The conditions ar 
the same in all particulars as in the Norris mine, except that not s 
much trouble has been met in the working of the coal. The structur 
of the coal is shown in the following diagram : 


FIGURE LXV 


STRUCTURE OF CAMBRIDGE COAL SEAM 
AT SCOTTS SALT WORKS 


Bie Snale........... EEE 





\ sa with occasional slate. er 


parking, na Fe 2" 
et Low ev ra nase 


U---- a> ED OD dm Cum ew oe dp ew eee swe dam dm mm 


The fire-clay floor is somewhat troublesome in this mine. Th 
roof is hard and heavy, and unless very large pillars are left the floc 
rises at once. Pillars of 40 feet have given way once and again, an 
there are now left pillars of 90 feet. It is estimated that 18 inches « 
the seam under ordinary mining turn into slack, which has, at presen 
no market. 

In some of the sandstone troughs encountered, all of the coal h: 
disappeared. The Upper Freeport limestone is always De in th 
clay-below the coal. 

The Cambridge Coal Company’s mine is next below, na tk 
Guernsey mine completes the list on Leatherwood Creek. These fot 
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» essentially one body of coal, all of the conditions agreeing 
it. In the latter mine an entry was driven for 225 yards 
solid sandstone, the coal being almost entirely cut away, but 
ries are followed further to the southward the coal grows more 
d reliable. The quality is here at its best, as is shown in the 
f the following average from the Guernsey mine: 


Of Guernsey MINGC........... sccccccccccccrrsccesccccce cercccens soveeece: seeees Lord. 
Dr ns en 5.82 
1l6 matter 2... 87.46 
Learbon nenn 58,29 
sod aiuauesdoasauee sie aunadeuceabataess Hennes uegupeaageawensnsaeanmissataesetasinecise 8.98 

100.00 
MLD POPE anne 1.88 


coal of that part of the field to the south of Cambridge, viz., 
; Creek Valley, is much superior to that which has its frontage 
rwood Creek. As has been already stated, the Leatherwood 
strengthen and improve to the southward, where they in sub- 
ablish connections with the mines of Will’s Creek. 

following shipping mines are now established in this part of 
ridge coal field : 


pal Company’s or Nicholson mine......... Two miles south of Cambridge.. 


‚cturers’ Coal Company’e mine............. Byesville. 
and Cambridge Coal Company’s mine... Byesville. 
Coal Company’s mine......... ee Hartford. 


other new banks have been recently opened. The body of 
sented and commanded in large part by these mines, is one of 
st coal areas of the State, second only in volume and steadi- 
general good quality combined, to the best portions of the 
Valley. 

1 the interruptions and breaks described as characterizing the 
ood mines, this portion of the field is happily free, at least to 
tent. Two of the four mines named above have each worked 
ge acreage without coming upon a single horseback or other 
element. The Nicholson mine, which is one of the two 
to, does not even report a single clay vein. In addition, this 
ies fully 7 feet of coal through a large swamp, and never falls 
or 5% feet. Its coal is also a little harder than that of the 
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mines already reported. The best coal is in the lower bench, which i 
here 24 feet thick, and consequently a good deal of it is brought out i 
merchantable shape. The uppermost part of the seam is the harde: 
and strongest coal, and immediately over the main parting a softer poi 
tion occurs. In addition to the main parting, which is a two-inch slat 
there is one regular band about two feet below the roof of the sean 
and there are the usual “ binders.” 


The structure is shown in the accompanying plate: 


FIGURE LXV 


STRUCTURE OF BA aS COAL SEAM 
AT NIGHOLSONS MINE IN’SWAMP” 


Qu Cane ED Su a ony Gee eee oe es eS | = 






Gaal wikh uumarous eels 
parti us | 


Cd 
C ee oe ow oe ee GP GP OD Gee weer ee Gin) Cem eee eee ee Ss eS A a 


Cool , Lower Bach. s 
Cloy---_ — WW 


The composition is shown in the following analysis : - 


Coal of the Nicholson mine .........2...00cceccescesscccce soccccccccecscese vetoes Lord. 
Molsture Sun een 8.84 
Volstile matter a... url . 87.90 
Fixed carbon .......ceccscesccecrssereceeessoes gesssnessnensenstesnsnersnsenssnnnenn „ 68.88 
ROUT ee ee ee east 4.48 
100.00 

Bulphür une. 1.36 


It is’apparent that such figures mark one of the finest coals of th 
State. The physical qualities of strength and hardness alone are lack 
ing to make this the peer of any Ohio coal. 

The Akron and Cambridge mine at Byesville is another of thes 
regular and uninterrupted bodies of coal, without horsebacks or cla: 
veins. Its composition is shown in the appended table: 
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Akron and Cambridge mine .................csscssscssscseccscsssceces Lord 
N UT OET PIETRO TEE TE OTER RE EEE RUEFOFTPEIEORENE 8.80 
VIMAR GLOR nennen 85.85 
ME OU eek „ 64.18 
PREISE SEITE TE 6.72 

100.00 
phür..a naar 1.68 


ıcture is shown in the following plate: 


FIGURE UXIX 


TRUCTURE OF CAMBRIDGE COAL SEAM AT 
KRON COAL. CO’S MINE 
oof Shalea-_-_-__-________ _ 


La Parkin eee a =. 


oo Waxdes orca best ___ 





al, as will be seen, holds a thickness of 53 feet. Of what is 
y the miner, 40 per cent. goes through an 14-inch screen. 
ie product of this mine goes into market as “run of mine,” 
nown here by the local name of “ brush coal.” A Harrison 
hine is in successful operation here, and the mine is making 
ut. 

me general statements apply to the mine of the Manufac- 
1 Company, which adjoins the mining property last named. 
st large mine opened in the seam in ascending the Will’s 
ley is that of the newly opened Buffalo Coal Company, at 
The coal lies 50 feet below the bed of the creek. It is 6 
and of excellent quality, as is indicated in the appended 


Bufalo mine, BEE EN RIED EEE OLE EFT UERTINEEIOEEL TE EDEENESTIET Lord. 
PO PR ER REES ER EN LEHE EEENAN 8.97 
3: THALLER sn een 84.78 
bh DOD une . 6.32 
senda uaaaweuiewlavlaciotvas pace bane nese ucea ea oud oe mane vicceeaain neces coweswemensesieeesine 4.98 

Tossa 100.00 
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This composition, if maintained, will entitle the coal to a leac 
place, not only in this field, but in the State at large. There are 
mines in Ohio that yield better results than those given above. 

Some irregularity was found in driving northward from the sl 
the {trouble being due, as usual, to a horseback of sandstone, wl 
reduced the coal. The direction of the sandstone trough, as far as cc 
be judged at the time this record was made, seemed to be northw 
It is claimed that drillings have established the existence of the s 
in good condition to the northward of this property. 

A peculiarity of this mine is the partial replacement or conver 
of the draw slate into an impure coal. Im some cases, layers of « 
one or two inches thick come into the slate, and in others nearly a 
of unmarketable coal is added to the seam. 

The/\pillars of the mine have been so far left 25 feet wide. 
bottom is harder than in the northern mines, but if pillars of this 
can maintain the entries, very different conditions will be shown | 
from those that obtain in the remainder of the field. The structur 
the Hartford coal is shown in the accompanying plate: 


FLGURE LXX 
STRUCTURE: OF CAMBRIDGE GOAL, SEAM 
AT SPAIDS MINE HARTFORD. 
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As to the limits of the field on the south and west, it is not possi 
yet to speak with assurance. Exploration has not, by any means, b 
carried far enough to assign boundaries. Experience from similar fie 
justifies the belief that many additions will be made to the first fo 
areas. 
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drilling has been done to the south and west of Hartford, 
as reported, this does not indicate the maintenance of the 
od condition in this direction. There are conflicting reports 
sults of drilling to the east of Hartford. To the north and 
esville, considerable investigation has been carried on, with 
raging results. There is a good body of coal in the south- 
rer of Cambridge township. It has long been mined for 
of the town. The Stoner bank is the largest in this neigh- 
The coal of the Stoner mine ranges from 4 to 5} feet in 
ind the quality is well approved. | 
statements complete the account of the mines of the Cam- 
| field, and they will be found to justify the assertions with 
account was begun, viz., that we have in this distriet a body 
t deserves to be ranked among the best of the present 
nining in the State. 


THe Post Boy BoRınas. 


ount of the coal resources of Guernsey county would not be 
complete if it contained no reference to the widely published 
he discovery, within the last few years, of a valuable basin 
ron or Brier Hill coal, in Wheeling township, not far from 
tation. . 
rincipal facts in connection with this claim are as follows: 
ing of three deep wells in search for petroleum on the farms 
nd Daniel Booth, in the valley of Bird’s Run, several years 
| seam was reported at about 260 feet below the surface. In 
? seam was reported to be 5 feet thick ; in another, 18 inches 
in a third, which was but 100 yards distant from the first, 
| found. 
:ars since, a company was formed by citizens of New Comers- 
icinity to drill for oil on the farm of Joseph Norris, one mile 
rd’s Run Station. The drillers were instructed to proceed 
l care when the horizon of the coal reported in the Booth 
approached, though the company had not secured title to 
it oil. At about 170 feet below the surface, the Booth seam 
Its thickness was made out to be 9 feet and 2 inches by 
, as reported by Mr. Norris. The reamer was put down, 
ens were saved with great care from every foot. In par- 
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ticular, a three-fold division was made of the samples brought uy 
top, middle and bottom, of the seam. The samples submitted b 
Norris scarcely constitute a true coal seam. There are partic 
bright coal among them, but the bulk of the seam, as judged fro 
facts above given, consists of a peculiar carbonaceous deposit, t 
nearer to a coarse cannel than anything else, though it lacks th 
choidal fracture of cannel. It is without luster, has no joints or 
and shows no lines of deposition. The samples guaranteed by 
Norris, as representing the top, middle and bottom of the seam, 
submitted to chemical analysis, with the following results: 


Analysis of “coal” from Post Boy well..........c.cssscccscscccesececccscceces Lord 


1, Upper portion of seam. 
2. Middle portion of seam. 
8. Lower portion of seam.. 





The claim has since been made that all of the samples ana 
came from the upper portion of the seam, and that a bed of brigh 
is found below. It is possible that the true order of the facts ws 
carefully enough determined while the work was going forward 
this is the case, all statements in regard to the facts are cloudec 
judging from the statements submitted, the deposit does not seem 
a valuable one. The average of the ash of the three specimens is | 
per cent. This fact will rule the product of the seam out of pr 

markets. The percentage of se a is remarkably low for a depo 
this character. 

The character of the bed is settled by the statements already g 
as far as the facts that are furnished will warrant, but a question rer 
as to the geological position of this interesting deposit. 
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dle Kittanning coal is mined near the well’s mouth, but 
above it. On the farm of Anderson Gibbs, near by, the 
1m Hill limestone is found 72 feet below the above named 
in the next township this interval ranges from 87 to 100 
ing the wells to which reference has been made, a blue 
been repeatedly struck, about 70 feet below the Gray 
his matches well to the Lower Mercer horizon, as found 
n outcrops. The bottom of the seam in question is about 
this last-named limestone. These facts can be combined 
tabular form as follows: 


tanning coal (Coal No. 6). 
esta ee 40 feet. 
ıth. 

Bl REED ER EENENEESUEEEDISEEEUESSONE 82 foet. 
itnam Hill limestone. 
1 VRR SEELE REES TREE. FOREN STOE ORERESEERN „ 70 feet. 
wer Mercer limestone ? 

Wl) ER ESENENRESEH EDER. BREUER „ 70 feet. 


PERLE REELUOEETLLETEITEEL EN EELEEELEFEOFERORDRREDROEESERLORERE 9 ft. 2 in. 


ry to this scheme, the stratum in question would be not far 
p of the Sharon coal to the northward. The interval 
ter than we should expect, but while questionable, this 
would not be entirely inadmissible. 

| section, as shown in the records of the Norris well, does 
match well to this scheme. The section is as follows, 
‚of the drillers: 


Feet. 
NOB BRN ceaceiccwaciaicaecncescarsiuaccawscnvetiseandecesculies. Queneusees 15 
MBEOINO ea oss veteanae auewaeees „45 
sang N DEE UU EL EL EE SS EERARRENELE TEL PENEEEESUERTRCCRDEREUREN 1 
F Bhales nern era 44 
WOO) sence sictwnds wcanencisewescaevesateiawesiovendesausaaeeeseuseneseesucees 4 
DO seen 14 
V uiseausawee.csasindceuad ens euawtvonssssacuensesesesccedanssuencnceseueuteves te scuans 7 
Howie tindeabanudesuasewbecnlancecevepecntsdgceuncusaseancevaeseia tbatadsychesansees 4 
sciduSad pecans neces es vemonusi oe stsusendas suadencwsavecoueusaunesbupascens sseauenee 1} 
latweneuseseaesua EEE SUR tNNeEbencewneeckigenpaein  okuaeD 4 
stone, changing to blue .........cccescssscesaces-convcscccccosscccceces 23 
EEE ER EERIREDN 4 
een, 1 
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Recasting this section, and omitting all but the coals, and a 
fixing the Middle Kittanning coal, as in the previous arrangem 
find the order shown below: | 


Middle Kittanning coal. 


There is no hint in the drillers’ record of any limestone ¢ 
characteristic element, except the coals. We are thus left qt 
certain as to the equivalence of these elements in the general 
Were it not for the presence of the two limestones named in | 
table, in territory so near the Norris farm, a more satisfactory ide 
tion of the coal seams would appear to be found in referring the 
seam to the Lower Mercer horizon, the second coal to the Upper 
horizon, and the first coal to the Brookville seam. This woul 
thefintervals abnormal in the way of increase, very much as th 
scheme renders them abnormal by redaction. 

A defjnite answer cannot therefore be given at this time a 
place in the series to which the coal of the Post Boy boring t 
As between the two references suggested, the latter would seem 
most reasonable support in the facts of the general section, a 
former in the facts of the particular section. . 


TheYLower Coal Measures, as developed in the remaining c 
of the Ohio coal field, will be discussed in subsequent chapters. 


CHAPTHR IV. 
COAL MINING IN OHIO. 
By Hon. Awprew Roy, Strate Inspector or Mınzs. 


EaBLy Coat Mining IN ENGLAND. 


of coal mining originated in England. The savage and 
who inhabited Britain at the time the island was invaded 
sar, were doubtless acquainted with the use of coal, and 
1 tools of wood or flint before the use of iron was under- 


ans, while in England, the Anglo-Saxons and the Anglo- 
e acquainted with the coal beds, and used coal to some 


»t, however, expressly mentioned in English History until 
‚in which year the Bishop of Durham granted lands con- 
be mined for blacksmithing purposes. 

eginning of the Fourteenth Century, coal had found its 
yn, and was largely used by the common people, as being 
wood, but its use was unpopular, and an outcry arose 


ar 1306 the Lords and Commons assembled in Parliament 
he citizens of London, petitioned King Edward the First 
je use Of coal in the city, and the King issued his Royal 
forbidding its use in London and the suburbs, and com- 
all furnaces and kilns which burned coal be destroyed ; 
anding the royal mandate, the ostracised mineral con- 
burned, and twenty years later found its way to the royal 
The use of coal was again prohibited in London by 
ath during the sitting of Parliament. 
Jontinent of Europe the: mines of Zwickau, in Saxony, 
in the Fourteenth Century, and in the years 1348 the 
of Zwickau were forbidden to use coal in their establish- 


~ 
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ments. In Paris the introduction of coal met a similar fate; 
condemned, and its use forbidden; it was accused of polluting 
producing disease of the chest and lungs, and even impairing the 
and delicacy of the complexion of ladies. 

The manner of mining in these primeval times was nec 
rude. At points where a seam of coal exposed itself along it: 
outcrop, the alluvial cover was stripped off, and the coal qua 
open day, as beds of sandstone for building purposes are now c 
out. When necessity required an opening to be made „naer co 
seam was followed along its line of strike, in order that the w 
the mine might discharge themselves by gravitation. The 
headed pick, still the main weay-on of the miner, has been in u 
the earliest times. A thousand years ago this mining tool was 
fect as it is to-day, and the miner of the ninth century could | 
as much coal from his working place as the miner of the nin 
century. | 

When increasing demand for coal made it necessary to ope: 
below water level, the seam. was opened either by following it a 
line of dip, or by sinking a shallow shaft near the outcrop. The 
gin, still to be found in some mining districts, was employed for | 
coal. The machinery used for discharging the waters of the mi 
sisted of ox-skins and barrels ; then chain-pumps were applied, o 
by horse-power, or by wind-mills. Frequently day levels wer 
great labor and expense to a lower level, or adit, so that th 
might flow to day. In locating a shaft, a primary object was t 
place near the opening, so that a day level might be out to rid tl 
of water. In laying out the workings, small pillars were left to 
the roof, which were abandoned after the room workings were fi 

When shaft mining was commenced, fire-damp, that dreaded : 
of coal miners, was met. Until the discovery of the safety-la 
Sir Humphry Davy, the miner possessed no means of detecti 
presence of this gas in his subterranean workshop, except by c 
forward inch by inch, with his candle held in one hand, screen 
flame with the two fore-fingers of the other, and fixing his eye i 
upon the light. When he reached the fire-damp, the flame of his 
began to elongate and to assume a color of grayish blue; before 
exploded, the top of the flame changed to a pure fine blue and ¢ 
minute luminous sparks. The miner could still retreat before ex 
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ough this was the extreme point of danger: a sudden motion 
, or a quick lowering of the light would ignite the fire- 
art of ventilation at this time was so little understood, that 
ines began to make fire-damp copiously, the workings were 


mphry Davy invented the miners’ safety-lamp in 1815, and 
-as a gift to the miners. After this discovery, mines which 
andoned, owing to the presence of fire-damp, were reopened, 
s of acres of mining property, otherwise unworkable, were 
ble to mining enterprise, though, as the results show, too 
terrible sacrifice of human life. 
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Until the year 1775 the coal was carried from the working 
of mines to the pit bottom on the backs of bearers, who were 
married women, or full-grown girls, clothed in the same garb 
men. In Scotland the female bearers carried the coal to the top 
pit on a long and winding stairway. The coal was carried on ı 
cribs fitted to the backs of the bearers, the cribs being held in pl: 
leather straps passing around the forehead. The shameful prac 
employing females in coal mines was continued until the vear 184° 
Belgium this degrading practice still exists. 

At the beginning of the present century the output of the 
in England, Scotland, and Wales had reached 10,000,000 tons, | 
employment to 20,000 miners. The mines, prior to this time 
generally located in remote districts, and the miners were regar 
outcasts, and were debarred the common rights of other artisar 
laborers; they were grossly ignorant and brutal, and in dialec 
appearance were altogether different from people in the surrou 
country. 

They are described in Southey’s life of Wesley as a race as ls 
as the foresters, their forefathers. When the famous preacher V 
field proposed going to America to preach the gospel to the In 
many of his friends replied: “If you desire to convert savages, 
are colliers enough in England.” 

The discovery of the steam-engine, and its practical applicat 
mining purposes gave the coal trade its first impetus. This was 
followed by the discovery of the manufacture of gas, the hot-bla 
smelting iron, the steam-boat, and the railroad locomotive, which 
the use of coal the main spring of our present civilization. 

With the development of the coal trade, consequent on th 
covery of steam, the underground workings of mines were extenc 
size and depth, increasing the danger of mining, and necessitatin; 
and improved systems of working. In sinking deep into the e 
crust the miner encountered obstacles, the most difficult and dang 
ever met in human enterprise. Intricate galleries, extending 
underground, were required to be maintained for the constant ps 
of atmospheric air, to dilute and render harmless the noxious 
poisonous gases of the mine ; massive columns of coal had to be le 
wrought in the mines to maintain the superincumbent strata in 
machinery of great weight and power had to be applied for liftin; 
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ig the vast subterraneous lakes of water, while forests of prop- 
0 be planted underground to insure safety to the hauling 
orking places of the mines. 

mp, that dreaded and fatal enemy of the English miner, 
off in increasing and alarming volumes. The rude systems 
re the application of steam to mining were totally un- 
he deeper and extensive mines, which followed the appli- 
ewcomen’s engine for lifting water. The increasing weight 
rincumbent strata produced crushes by which the pillars of 
ere ground to pieces, or creeps which overran the workings, 
sinking into the floor, and destroying the economy of the 
rground arrangements. New systems had to be devised, 
ll the varying conditions and circumstances. 

ber of eminent mining engineers, notably Robert Bald and 
le, devised new and improved methods of laying out the 
d workings of mines, and in British practice there are four 
ems now in use, a brief description of which may not be out 
his paper. 


DIFFERENT Systems OF BritisH MINING. 


are four general systems in British mining practice, as 


rking with pillars and rooms, and leaving pillars of no 

ngth for the support of the superincumbent strata than is 

essary as the workings progress. 

rking with pillars and rooms of extra size and strength, 

ject of attacking the pillars in the interior of the mine, and 

ıem after all the rooms have been finished up, partially or 

rding to circumstances. 

viding the workings up into pannels or squares, and drawing 

of the pannel after its rooms have been finished during the 

gress of the work. 

ying out the workings on the long-wall system, and mining 

oal, leaving no pillars whatever, as the excavations advance 

y forward. ; 

are many modified plans of the above systems in use, as, for 
working by long-wall, the main galleries of the mine are 


G. 
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sometimes driven forward to the boundary of the mining pro 
before the walls are opened out, and in excavating the coal, the m 
retreat instead of advancing with their work ; sometimes, also, in | 
and room practice the same plan is adopted, the main. galleries o 
mine being driven to the boundary before any of the room 
opened out. | 

Mr. Robert Bald has given the following general rules for ¢ 
mining the best method of working coal by pillar and room practic 

1. If the coal, pavement, and roof are of ordinary hardnes: 
pillars dnd rooms may be proportioned to each other, correspondi 
the depth of the superincumbent strata, providing, all the coal pro] 
to be wrought is taken away by the first working ; but if the pillar 
to be winged, or partially worked afterwards, they must be left « 
extra strength. | 

2. If the pavement is soft, and the coal and roof strong, p 
of an extra size must be left, to prevent the pillars sinking int 
pavement, and producing a creep. 

3. Ifthe coal is very soft, or has numerous open backs and cu: 
the pillars must be left of an extra size, otherwise the pressure o: 
superincumbent strata will make the pillars fly or break off at the t 
“ and cutters, the results of which would be a total destruction o: 
pillars, termed a crush or sit, in which the roof sinks to the paver 
and closes up the work. _ 

Regarding the long-wall system, the late Matthias Dunn give 
following conditions under which it may be adopted to advantage: 

1. If the coal be thin, hard, and capable of bearing pressur 
the top and bottom be soft, requiring a considerable quantity of cu 
for the necessary tram height. 

2. If band or rubbish be mixed with the coal, requirin 
be stowed underground, so as to furnish a cheap and plentiful supp 
debris for filling. 

3. If the distance from the shaft to the boundary line be lim 

4. If the roof be free from water, and the workings cle: 
buildings, rivers, etc. 

5. If the roof contain ironstone, to be worked with the 
thereby producing much refuse, or if it be so soft and brittle tl 
will not stand for ordinary pressure. 

Under these, and many other circumstances, the long-wall sy 
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commended. There may, however, be objections, rendering 
ing impracticable, viz. : 

' the workings produce a considerable quantity of inflammable 
from the seam itself or from some superior seam. 

’ the roof contains water, the letting down of which would 
ram-ways or overpower the engine and pumps. 

f the coal be so near the surface that the long-wall workings 
e the effect of damaging buildings. _ 

the cuttings of the roof or floor for height are so soft or 
t they would not be sufficient to support the roads, in which 
‘pense of setting additional props or obtaining other material 
d the value of the coal, or its ‘cost by another system. 

the seam be deep, and from its thinness suitable for long- 
the small quantity ordinarily produceable from one establish- 
render its working unprofitable ; or, in other words, the main- 
expensive roads, or the number of pits required, may not be 
the working thereof. 

2 first system—working hy pillars and rooms—the mines are 
' driving water levels or galleries along the line of strike of 
9m opposite sides of the pit bottom. On the dip-side of the 
mall quantity of water follows the workman, and serves as a 
dvancing the work. The main part of the workings is 
he rise of the coal strata, for in British mines the coal meas- 
‚enerally a well-defined dip and rise. Advantage is taken of 
nd butt slips, and the rooms are worked on the face of the 
ever it is practicable to do so, as the coal is much easier 
. the face than obliquely. Three-fourths of the coal are 
cen out, the remaining fourth being left for pillars. A com- 
ice is to make the rooms of the same width and size of the 
; thus, where the rooms and cross-cuts are each fifteen feet 
pillars are made fifteen feet square; to add strength to the 
y are frequently formed into diagonal blocks, like the black 
a checker-board. This system is only practicable in shafts 
itive shallow depth, and where the coal, roof and floor are 
firm and compact. Under other conditions a crush or creep 
kings is sure to follow, before the domain sought to be won 
ought over. This plan is now rarely practiced in British - 
d will soon disappear altogether. Its advantages consist in 
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row work than obtains in the other systems of mining, and as 
work always adds to the cost of coal mining, it is the cheapest 
working out a mine. As 75 per cent. of the coal is recovered 
ing forward, the pillars are abandoned when the rooms are all 
out. Under this system the recovery of the pillars is im- 
ble. 
2 deeper pits are sunk, the greater the pressure upon the 
ound workings; hence, in the second system, which pre- 
the deeper mining districts, the amount of pillar coal left 
rdinary conditions is proportioned to the depth of the shaft. 
the following table, in which the rooms are supposed to be fifteen 
le, and the air-way six feet wide, the fincreasing thickness of 
3 proportioned to the depth of the mine: 


Feet of depth. 


ttt hehe 
fT 
EEE EEE EEEFEE Teer EHE. 
Ce Ee Pee EEE EEEEH ee er 


if. CP eee 


(PPP Pe 


PSPSPS CPCS STP 


it PFC eee 
EP EI ETUI 
eee SFT EHER See 


fof SPT Pee Pee 





» above table is, of course, general rather than specific, for there 
other conditions which determine to a considerable extent the 
f rooms and size of pillars, as, for example, the nature of the 
to its hardness and softness as well as the depth of its softness, 
re of the coal as to texture and hardness, and the character of 
‚and butt slips of the mine; also, the nature of the roof of the 
hether compact and firm, or loose and soft. 
er the rooms are all worked out by the system of leaving strong 
the pillars are attacked at the far end of the mine and worked 
e miners retreating under cover of the remaining pillars. When 
vated area begins to crush and fall down, part of the pillar coal 
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BRITIGH PLAN OF WORKING BY PILLARS OF EXTRA STRENGTH - 
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the massive falls of overlying strata, though, under favorable 
ninety per cent. of the whole seam is recovered ; generally, 
10t more than 70 to 80 per cent of the whole is won. A rule 
engineers in computing the yield of solid coal in the mine, is 
to the acre for every foot of thickness ; this is 62 per cent. ; 
s calculation allowance is made for slack, which is not un- 
ble, and which frequently amounts from 12 to 15 per cent. of 
@ third system, which was devised by John Buddle, to whom 
ı nation is indebted for a number of important improvements 
of mining, the pillars may be removed at any time. By this 
stead of carrying forward the workings to the boundary of 
| property before attacking the pillars, the mine is laid out in 
quadrangular panels; each panel covering 10 or 12 acres of 
ineluding from 16 to 25 rooms. On all sides of the panel a 
or pillar of coal is left, varying in thickness according to the 
ower of the coal and floor of the mine. Air-waysand hauling- 
eut through the panel walls at proper distances, the rooms 
ved from an inner parallel gallery, and carried forward on the 
se of the coal until the back end of the panel is reached ; the 
then attacked and withdrawn, and the superincumbent strata 
avated area are allowed to fall and close in. 
2 the work of withdrawing pillars is going on in one panel 
of an adjoining panel are advancing forward, the strong and 
rs surrounding the excavated panel resist the crush, and con- 
jome. 
following interesting description of this system of working, 
1 Ure’s Dictionary of Arts, Manufactures and Mines, explains 
the manner of panel working, as devised by Mr. Buddle in 
Jastle coal field in the north of England: 
this plan of Mr. Buddle, the pillars of a panel may be worked 
time most suitable for the economy of the mining operations, 
formerly, though the size of the pillars and general arrange- 
the mine were made with the view of taking out ultimately 
oportion of the pillars, yet it frequently happened that before 
ngs were pushed to the proposed extent, some part of the 
' way, and prod uced a crush ; but the most common misfortune 
nillars sinking into the pavement, and deranging the whole 
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of the field. Indeed, the crush or creep often overran the 
the pillars, and was resisted only by the entire body of coal at 
faces, so that the ventilation was entirely destroyed, the roads 
rom the wall faces to the pit bottom shut up, and rendered 
md the recovery of the colliery by means of new air-courses, 
s, and by opening up the wall faces or rooms, was attended by 
8 labor and expense. Even when the pillars stood well, the 
od was attended with other very great inconveniences. If 
yke out in any particular spot of the colliery, it was quite im- 
0 arrest its progress to the engine pit, and if the ventilation 
by obstructed, no idea could be formed where the cause might 
there being instances of no less than thirty miles of air-courses 
lliery, And if, from obstructed ventilation, an explosion of 
occurred while many workmen were occupied along the ex- 
all faces, it was not possible to determine where the disaster 
n place, nor could the viewers and managers know where to 
ef to the mutilated and forlorn sufferers. 
ir. Buddle’s system, all these evile are guarded against, as far 
science and foresight can go. He makes the pillars very 
| the rooms or boards very narrow, the pillars being in general 
lve yards broad and twenty-four yards long, the boards four 
e, and the walls or thirlings cut through the pillars from one 
another, only five feet wide, for the purpose of ventilation. 
- pillars of a panel are to be worked, one range of the pillars 
tacked, and as the workmen cut away the furthest pillars, 
if prop-work are erected betwixt the pavement und the roof, 
ew feet of each other, till an area of about one hundred square 
lear and without pillars, presenting a body of strata perhaps 
red and thirty fathoms thick, suspended clear and without 
xcept at the line of the surrounding pillars. This operation is 
working the goaf.” The only use of the prop-work is to pre- 
eam, which forms the ceiling over the workmen’s heads, from 
wn and killing them by ite splintering fragments. Experience 
d, that before proceeding to take away another set of pillars, 
sary to allow the last made goaf to fall. The workmen then 
rive out the prods, which is the most hazardous employment. 
in at the more remote props, and knock them down one after 
etreating quickly under the protection of the remaining props. 
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Meanwhile, the roof stratum begins to break by the sides of the pil 
and fall down in immense pieces, while the workmen still persey 
boldly drawing and retreating, till every prop is removed. Should 
props be eo firmly fixed by the top pressure that they will not give 
to the blows of heavy mauls, they are cut through with axes, the w 
men making it a point of honor to leave not a single prop in the ¢ 
The miners next proceed to cut away the pillars nearest to the side 
the goaf, setting prop-work, then driving it and returning as bel 
until every panel is removed, excepting small portions of pillars w 
require to be left under dangerous stones to protect the retreat of 
workmen. While this operation is going forward and the goaf e: 
ing, the superincumbent strata being exposed without support & 
large area, break progressively higher up, and where strong — 3 
sandstone are thus giving way, the noise of the rending rocks is 
peculiar, at one time loud and sharp, at another, hollow and deep 
The fourth or long-wall system, by which all the coal is m 
out as the workings progress, is the best method of working 
wherever the conditions are adapted to this manner of mining. Ss 
from 4 feet downward are best suited for long-wall working, but i 
dition the coal requires to be tolerably hard and firm, so as to bear 
pressure of the overlying strata. The roof requires to be compara 
free from water, and an ordinary amount of refuse or waste ı 
must be at command in the mine to make the system a success, 
of coal which have bands of shale running through the body 
coal, or have a falling or draw shale for a roof, are best aday 
long-wall, this material serving for building packwalls or fil 
the gob. 
In laying out the workings of a mine on the long-wall syst 
coal left underground is a strong square pillar surrounding the 
of the pit, to preserve the shaft from becoming involved in the b 
of the overlying strata which follows the removal of the cos 
main galleries of the mine are then advanced along the line of 
the seam, and the walls or working faces are opened out from th 
one working-place following another, like troops ee 
Where the conditions are suitable, the walls are opened out ij 
tions and the workings advanced in the form of an ellipse. 
faces, which vary in width according to the surrounding ei 


are undermined across their whole width by the workmen be or ; e 
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the mine in the afternoon, and during the night the weight of the : 
lying strata breaks down the coal, which falls forward on a ran; 
sprags planted for the purpose by the miners. In some mines the 
a wall-face from three to four hundred yards in length, extended 
straight line, and sometimes a line of face is formed like the are 
circle. 


As by this method of mining, artificial pillars must be erect 
prevent the closing in of the workings, consequent on the remov 
all the coal, skill and judgment are required in building pack-wall: 
maintaining roads. The pack-walls are built on each side of the‘ 
ing roads, from the debris of the seam or from the cuttings of the 
or bottom. In some mines, where suitable material does not exis 
derground for building purposes, it is brought down from the su 
but this adds materially to the cost of mining. 


This system of working is largely followed in Scotland, fifty 
per cent. of the coal of that country being mined on the long-wall 
In the central counties of England the thin seams are nearly all wc 
in this manner, and in Somersetshire beds of coal only 13 inch 
thickness are worked by long-wall. In South Wales the system 
high favor. In Belgium and Saxony, on the continent of Europe, 
wall mining is also extensively followed. 


While the long-wall system is mainly confined to seams of ord 
thickness, it is capable of more general application than is general] 
lieved. It has been successfully applied to the great thick co 
South Staffordshire, which ranges from 21 to 36 feet in height ; th 
is mined in several lifts, beginning at the top, and is worked aw: 
long sweeping sides of working-courses, which range from 3 to 6 f 
thickness. After the first lift of workings is finished, a second or | 
lift is opened out by driving forward a new set of galleries and op 
out a new range of walls, and so on. 


By the long-wall system nearly all the coal nel is rour 
lump, 14 per cent. of slack being made by pillar and room-wor 
against 3 per cent. by long-wall, and the ventilation is also simple, 
being but one main air course in the interior of the mine at the 
face. In addition also to the greater acreage of coal recovered bi 
system, the expense of getting the coal is materially reduced ; but 
tional care and skill are required in the management of mines. 
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THE Ouıo Coa FIELD. 


eat Appalachian Coal Field, the largest known coal field in 
f which the Coal Measures of Ohio constitute a part, extends 
tions of nine different States, viz., Pennsylvania, Maryland, 
nia, Virginia, Kentucky, Ohio, Tennessee, Alabama, and 
d occupies an area which has been variously estimated at 
) to 58,000 square miles. From 10,000 to 12,000 square 
3 area are situated in Ohio. More than one-fourth of the 
efore underlain with coal bearing strata. The western mar- 
Jhio portion of the great coal field runs through the coun- 
nbull, Geauga, Portage, Summit, Medina, Wayne, Holmes, 
ing, Perry, Hocking, Vinton, Jackson, Pike, and Scioto, 
| Measures are spread over all the territory lying east of 
outcrop to the state line at the Ohio river. 
margin of the Coal Measures of Ohio in the above named 
ere is only one workable vein of coal met—the lower seam, 
1 of the geological nomenclature ; and owing to the pecu- 
yns under which this coal was formed, it is often wanting 
ractical miner, unacquainted with the peculiar irregularities 
ı the coal was deposited, would unhesitatingly assert its 
The coal strata dip at the rate of about 30 feet to the mile, 
rly direction (the line of dip being south 65 east), and the 
vhich crops out on the western flank of the coal measures of 
carried 1,500 to 1,600 feet below the highlands in the coun- 
ont, Monroe, Washington, and Meigs, on the Ohio river. 
the strata is irregular, being at some points as high as 80 or 
the mile, while at other points it is not more than 10 or 20 
nile. Frequently reverse dips are met, causing the strata to 
s of synclinal and anticlinal waves. 
yal Measures of the State are divided into 3 series, namely : 
r Measures, the Barren Measures, and the Upper Measures.” 
measures are about 500 feet in thickness, the barren meas- 
500 feet, and the upper measures 600 feet thick. All the 
| in present course of development are drawn from the upper 
al measures, the barren measures, as the name indicates, con- 
e coal of sufficient thickness for the immediate purposes of 


mals now being worked are mainly drawn from four or five 
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different seams, Nos. 1, 2, 6, 7 and 8 of the geological nomen 
‘ In mining districts, however, the coals are known by other nam 
numerals, as, for example, the Brier Hill coal, the Massillon c« 
Nelsonville coal and the Ohio River coal, and so on, and so th 
ever be known; these names indicating the districts from wh 
coals are mined, and giving them a commercial value which 
easily comprehend. 

The coal beds in their progress through the coal area a 
changeable in their character and thickness. Thus, the Brier H 
is one of the purest and best seams in the State; while the } 
Ridge coal, although geologically the same bed as the Brier H 
separated from the Brier Hill not more than one mile, differs gre 
its chief properties and adaptability for various uses, and is 
inferior in quality, the Brier Hill coal being a long grained bloc 
hard, firm, compact, a homogeneous bed, and adapted for furn 
in a raw state; while the Mineral Ridge variety is a short grain 
able, tender coal, and totally unfit for furnace use. It is also < 
into two benches by a band of shale from 1 to 4 feet in thicknes: 
which rests a stratum of blackband ore from 1 inch to 1 foot in 
ness. 


THE DEVELOPMENT OF CoAL MINING IN OHIO. 


The existence of coal in Ohio was noted by the early fronti 
and by travelers from the time of the earliest settlements. In 
seam of coal was discovered on fire near Bolivar, in Tuscarawas « 
A map of the western country, now in possession of Judge T. H. | 
of Lancaster, published in the year 1788, notes several sections. 
ore beds, and Harris, in his tour in 1803, states that on the banks 
Hockhocking, ‘‘quarries of excellent free stone, beds of pit cos 
ore, lead, strata of white and blue clay of excellent quality, re 
and many other useful fossils are found.” 

Some of the pioneer miners of the State still survive. Cx 
mined by stripping near the village of Talmadge, in Summit cou 
early as 1810. Mr. Asaph Whittlesey, father of Col. Chas. Whit 
of Cleveland, and Mr. Henry Newberry, father of Dr. J. 8. Nev 
were the pioneer miners of Eastern Ohio, and Col. Whittles 
published a very interesting account of the discovery and develc 
of the coals of that part of the State. The first mines oper 
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his region were operated by Messrs. Asaph Whittlesey and 
ton in the year 1820, the coal being sold exclusively for 
g purposes. In 1818 the first shipments were made to 
rom the mines of Mr. Henry Newberry, with the object of 
e lake steam-boats with coal, but wood was#o abundant 
hat the coal found little sale. In noting this fact in my 
ul report, as Inspector of Mines (1877), I received the 
ter from Mr. H. V. Bronson, of Peninsula, Summit county, 
first boat-load of coal to Cleveland: 


PenınsuLa, Summit County, OuIo, April 8, 1878. 

Esa. : 

long since I saw in the papers that in your annual report, as State 
ines, that the first coal shipped by canal to Cleveland was in the year 
he late Mr. Henry Newberry, of Cuyahoga Falls, father of Professor 
leveland. I took that coal to Cleveland for Mr. Newberry, it being 50 
> it was done. I was then in the seventeenth year of my age, and 
1 this place ever since 1824. There were three of us boys on the boat. 
vas about a year my junior, and now resides in one of the townships 
ounty, and became a successful inventor and business man. The 
then in the twelfth year of his age, and is now a lawyer with a lucra- 
n a beautiful growing city in an adjoining State. On the first day of 
made a New Year’s call on Prof. Newberry, at his home in Cleveland. 
o I presented Prof. Newberry with a lump of the coal taken from one 
is of that coal. As this whole transaction is somewhat remarkable, I 
e liberty to write you about it, especially as we three boatmen are 
ıhoga county. 

Yours, respectfully, 
H. V. Bronson. 


Imadge Coal Company was organized in 1838, and opened 


al Hill, from which most of the coal was mined for the 


arket, until the year 1845. The coal on the property of 
y was discovered by Mr. H. F. Wright, in 1825, while 
‘ound-hog out from under a stump. The first working was 
pping the vein, and quarrying it out with pick axes. In 
nio Canal reached the coal fields near Massillon, and the 
is region were opened by Cyrus Mendenhall. In 1845 
afterwards Governor of Ohio, commenced shipping by canal 
es of Brier Hill to Cleveland. 

President Garfield was, in early youth, a canal boat driver 
nes of Gov. David Tod, at Brier Hill, to Cleveland. He 
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was then 15 years of age, and had already given evidence of es 
ness of character and a desire to obtain an education. Gov. 
Tod told the writer of this article, that after the Brier Hill co 
fairly introduced in the Cleveland market, the demand for it 
great that he could not supply orders, and was urged to load a b 
Sunday. He went down to the canal to consult the boatmen ı 
subject. All the employes of the boat, except young Garfield, 
engaged playing cards, while the driver boy was found on the fr 
the boat, alone, intently studying a history of the United States. 
field’s name was not in that history, added Gov. Tod, but the 
student of American history will find it there. 

The first coal mined at Mineral Ridge occurred in the year 
the mines being opened at Coal Run, on the land of Michael Oh 
1833 Roger Hill, a Pennsylvanian, who had formerly mined c 
Beaver county, of that State, moved to Mineral Ridge. He p 
out a coal bed to Mr. Ohl, which, on being opened, proved to be 
thick. Hill, who was employed to open the mine, in drifting in 
hill, selected a square and heavy piece of the mineral, which di 
in weight and appearance from the body of the seam, and can 
home to test its qualities. The piece refused to burn, and wa 
nounced bastard cannel, or black stone. It was afterward le: 
wrought in the mine, forming the floor of the excavations. The 
part of the coal found ready sale for blacksmithing and domesti 
poses, and in 1857 the first shipments were made to Cleveland. 


In 1854 John Lewis, an English miner, who had: mined blac! 
ore in the old country, settled at Mineral Ridge. One day, 
digging up the floor of his room to set a prop, he was struck wi 
similarity of the floor to the blackband ore in Victoria mines, in 
land. He informed the proprietors of the mine, Mesgrs. Ward 4 
that the floor of the mine was a deposit of blackband ore. Th 
prietors directed the English miner to mine and calcine some of th 
which was done with promising results. All the workings wer 
reopened, and the blackband mined out. The stratum of ore ran; 
thickness from 1 inch to 1 foot, and after being calcined yielded £ 
cent. of iron. Several years elapsed before the full value of thi 
covery was appreciated; the art of calcining the ore, and mixi 
judiciously not being properly understood. In 1868 the pig iron, 
from a judicious mixture of the blackband and Lake Superior ores 
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1 which was eagerly sought for, and since that time pig ironlof 
g Valley has taken the front rank in market, being known 
s “ American Scotch.” 

t iron manufactured from raw coal in the United States 
it the Clay Furnace, in the Shenango Valley, on the Penn- 
e of the State line, in the year 1845, and in the following 
. Wilkinson, Wilkes & Co. built a furnace at Lowell, 
punty, Ohio, and used raw coal. Messrs. Wilkinson, Wilkes 
nded with the projectors of the Clay furnace for priority in 
‘aw coal, but this honor undoubtedly belongs to the owners 
furnace in Pennsylvania. 
st furnace built in the Hanging Rock region was erected in 
unty, Kentucky, in the year 1815, and was called the 
This was followed by the construction of the Vesuvius, 
rence and Mt. Vernon furnaces, on the Ohio side of the 
se were all cold blast furnaces, and the cold air in several 
lown through hollow gum logs. The products of the fur- 

cast into salt kettles, coal stoves, and kitchen utensils. 

were run by water power, and the iron was hammered, 
eing rolled into merchant bar. 

Hocking Valley region the iron industry dates from 1851, 
ear Hocking furnace was built, which was followed by the 
ace in 1853, and by the Union furnace in 1855. These were 
st charcoal furnaces, and used the native block ores of the 
alley. Mr. Samuel Baird built the first stone coal furnace 
ley in 1875, three miles north of the village ot Gore, in 
unty. 
2velopment of the coal mines of the Hocking Valley began 
nstruction of the Hocking branch of the Ohio Canal. The 
| of this region laid bare along the swift moving streams, by 
f water, were noted by the first white settlers who penetrated 
and coal was mined for domestic uses, and for blacksmithing 
om the time of settlement of the Hocking Valley. In 1831 
iness, which began to assume importance a few miles above 
of Athens, gave the coal trade some impetus. In 1832 that 
' Ohio Canal, known as the “Side Cut,” was completed to 
, and coal was shipped from the mines there to Columbus in 
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September of that year. The late Thomas Ewing was one of s 
who opened the first mines at Nelsonville, the mines being locat 
the Dover Run canal basin. Only the lower 4 feet of the coal be 
mined, the upper bench being left for a roof. Twenty years afterwar 
mine was reopened, and the top coal, abandoned by the first wo: 
was taken down and sold. C. Fay, John Carruthers, C. and L. & 
rod, and J. F. Somers were among the pioneer miners of the Ho 
Valley. The best market for coal in those early days was Ne 
Ohio. Among the early buyers in Columbus were John L. Gill 
the old Neil House. 

Coal was first mined in a systematic manner on the Ohio rive 
low Wheeling, in the year 1833. Samuel Wyllis Pomeroy, of Bc 
Mass., purchased the lands on which the Pomeroy mines are 
opened, in 1803. In 1818, with the view of opening the mines, he‘ 
to a merchant in Cincinnati to ascertain the consumption of cos 
tween his property at Pomeroy and the Falls of the Ohio river. 


received the following reply : 


I’am able to communicate to you the following information: 


Bushels 

Cincinnati Steam Mill consumes aunually ausissivawesedicesasevercesseteses 12,000 
Iron Foundry ‘  -§ Sh nee 20,000 
Steam Saw Mill oY Cade wenn Gukiesagavedes cub eeescess 5,000 
‘Manufacturing Co. a m ee seeusades 5,000 
‘Sugar Manufacturing Co. “ euere 2,000 
PIN OU aan 44,000 

In Maysville, or Limestone, used or 80ld ........c..scsscsececscesscceseeess 30,000 
In Louisville, used OF BOM sisissccessicincsncsvcesssescesevcsiecievinnentgnexece « 80,000 
Madison Mill (140 miles below Cincinnati) ......... cross... ... sale „ 12,000 
Total een 116,000 


Coal was not used for domestic purposes in the towns of the 
river until the year 1833. A steam tow-boat, named the Condor, 
by the Pomeroy Coal Co., in 1835, was the first tow-boat on the 
river. She took the loaded coal boats to Cineinnati and brought 
the empty boats to the mines at Pomeroy The Lake Erie, bu: 
Pittsburgh in 1837, followed the Condor. 

The shaft coal at Steubenville was discovered in the year 18: 
Adam Wise, while boring a hole for water for the supply of one o 
village manufactories. The coal was met at a depth of 225 feet | 
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and was pronounced to be 11 feet thick. As the Pittsburgh 

und in the hills surrounding the village, the idea of sinking 
ach a depth was not conceived for many years afterwards. 
however, Mr. James Wallace, proprietor of the Ashland 
lls, began agitating the question of sinkirg a shaft in the 
benville, the hill banks, owing to the horrible condition of 
uring muddy weather, being unable to furnish the manufac- 
ylishments a steady supply of coal, and a mining company 
‘ganized, with Mr. Wallace as president. 


commencing sinking, it was deemed prudent to drill another 
coal, to test the accuracy of the former borings; this time 
s pronounced 8 feet thick. The shaft was laid out at the 
of Market street, and the work of sinking began. Coal was 
re fall of 1857, but instead of 8 feet it was was found to be 
feet. The projectors were greatly discouraged in conse- 
; decided to go on with the enterprise. In the following 
*s. Boreland, Reynolds and Manful leased the mine for five 
fitted up the shaft with hoisting machinery and other needed 
and the work of mining was begun. Fortunately for the 
the mine who were without former experience in mining, 
\.fterwards secured as manager of the works Mr. William 
first-class practical mining engineer from the Midlothian 
of Virginia. The enterprise which languished until Mr. 
sumed charge, was now a success. The superior quality ot 
r every purpose, but especially for making gas and smelting 
e established its reputation, and other similar enterprises were 
d. This shaft is still in operation, and is known as the Market 
ft; the underground department is under the management of 
imurthwaite, one of the best practical miners in the State. 


are two seams of coal quite extensively mined in Jackson 
ie Jackson coal and the Wellston or Coalton coal. The 
al, which is the lower bed of the State series, was discovered 
ya party of drillers while boring for salt. The coal from 
is mainly used in the blast furnaces of the county. The 
:oal was discovered in 1872 by Hon. H. 8. Bundy, while ex- 
the shaft coal of Jackson, on the lands on which the village of 
3 now built. 

filton Furnace and Coal Company sunk the first shaft to the 
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Wellston cral in 1873. This was followed in 1874 by a shaft owne 
the Wellston Coal and Iron Co. For some time after the discove 
this coal there was considerable diversity of opinion as to whether 
Jackson and Wellston coals were equivalent, but the question 
settled in 1877. 

Two narrow-gauge railroads were projected to the Jackson co 
coal field in 1876—the Springfield, Jackson and Pomeroy Railroad 
the Dayton and Southeastern Railroad. The Springfield, Jackson 
Pomeroy road was projected to reach the Jackson shaft coal, and 
Dayton and Southeastern the Coalton coal. The Springfield road 
completed to Jackson in the early part of 1878, but the superiorit 
the Coalton coal for domestic purposes and for generating steam ws 
marked that a branch road was at once run up Horse Creek | 
Jackson, to strike the Coalton seam, 5 miles north of Jackson. 

The mines at Coalton were opened in the fall of 1878, and : 
ments of coal began at once. The Springfield road was, howeve 
the fall changed to a standard gauge, and little shipping was done 
fore winter. It is now known as the Ohio Southern Railroad. 

In the spring of 1880 the Dayton road was finished to Wells 
the two lines meeting at Coalton, making a second outlet for the « 
A dozen mines were opened, and a mining village built, as if by mı 
and what was two years ago a rough and poor agricultural cour 
sparsely settled, was filled up by a new population, who sought and fc 
treasures in the bowels of the earth. The Dayton and Southeas 
road is now part of the Toledo, Cincinnati and St. Louis road. 

The coal out-put of the county, which in 1873 did not ex 
60,000 tons, in 1880 exceeded 200,000 tons, and in 1882, 350,000 t 

A brief sketch of the early development of all the mining dist: 
of the State would make an interesting paper, but would be too | 
for the space allotted to this chapter. 


CONDITIONS OF COAL MINING IN OHIO. 


The beds of coal which traverse the Ohio coal field are not 
turbed by dykes or dislocations of the strata, so frequently found ino 
coal fields of the world. There are many local faults found in our | 
mines, which are known by the general name of “ horsebacks.” T! 
faults, which sometimes come from the roof and sometimes from 
floor of the mine, are occasionally troublesome and expensive ; but | 
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ole coal field throughout, the conditions for cheap and sys- 
ing are unusually favorable. The floor of mines is compara- 
the usual dip, except in local cases, being 25 or 30 feet to 


urge areas of the coal field, where the country is hilly, the 
11 in course of development come to day or crop out in 
3, and admit of what is termed drift or level-free mining. 
conditions the seam is followed into the hill, and the waters 
e discharge themselves by gravitation. Care is taken in 
rift mine to select the lowest place on the property, if the 
es will admit of it. | 

ons where level-free mining is impracticable, two methods of 
coal are followed: one is by opening perpendicular shafts, 
her by sinking slopes at a pitch of from 25 to 35 degrees. 
however, rarely opened where the coal is found more than 
ow the surface, for below this depth it is more costly to sink 
coal by a slope than by a perpendicular shaft. Under favor- 
ions slopes are largely a matter of taste on the part of 
they are never cheaper than shafts. 


al business has localized itself and the various districts in 
mines are opened are known by appropriate names. There 
ozen districts in the State in which the coals possess peculari- 
ich they are known, as the Mahoning Valley region, the 
ounty region, the Ironton region, the Pomeroy region, 
2 region, the Steubenville region, the Salineville region, the 
region, the Dell Roy region, and the Coshocton region. 
two or more qualities of coal are drawn from the same bed, 
mple, the Brier Hill coal and the Mineral Ridge coal, both 
e mined in the Mahoning Valley, or the Nelsonville, Straits- 
nee, Sunday Creek and Monday Creek coals, all of which 
rom the great seam of the Hocking Valley region. 


1er conditions being equal, the best seams are selected and 
here are thousands of acres of as good coal still untouched in 
ld as any in present course of development, but for want of 
ilities, or because of its lying in the interior of the coal field, 
for the time being unwrought. The severe competition of 
bliges the mining operators to take advantage of all the 
in developing the mines. The districts which are furthest’ 

















Eee u. Pi i F F 
ae KH 


Uj EEE yy Yj ‘‘“ Wi, Yy YY ; Z Uli Wi WY HR Vp DER YU WW: REEL: Yi Mee ! LT SSOKSY ‘ bbs GUY: A BE RR os 





GEOLOGY OF OHIO 


REO N Er 


ih, Th i 


tg, Ths Thy, hy, 


ur , Ml 
' ' th N 
N “if oh i SE : ; : on SS 5 en, SQ WN tig 
ne = ss I sh hs ti ut u, i ‘ i he ‘ hy i Hg, iat SV N 
nn = a N N SS \ 
‘i ae a ; ‘tig th : mis vn Bist = Ha tthe N ih 


so N 
= NW 





COAL MINING. 327. 


ket must have superior coals, which command extra 
else the trade languishes. The business largely turns on 
ter of the individual seams. The quality of the coal rather 
ickness, and the cost of placing the same upon the market, 
y determines the value of mining properties and mines. 
ams of coal, two feet thick and upward, are regarded as of 
hickness, but four feet is regarded as the standard height. 
se attending the working of a three-feet vein is often con- 
zreater than working one four feet, exclusive of the dead 
is is a general but not universal rule, and obtains in mines 
of the Mahoning and Tuscarawas Valleys, where the coal 
lenly in thickness. In such mines, for digging all coal below 
> cents per ton extra is paid for every 3 inches of decreasing 
til the seam falls to two feet, when it is regarded as unmine- 
Leetonia, Hammondsville, and in the Coalton district of 
unty, coals no thicker than 28 to 32 inches are wrought, but 
; possess peculiar qualities. The best coke in the State is 
etonia and Hammondsville, and everything that comes from 
} pick is credited to him. At Coalton the coal is tender, and 
r easily. The difference in expense of mining a 4-feet coal 
m 10 feet in thickness is inconsiderable in amount; the ad- 
o mining operators who possess thick coals consisting more 
ter yield per acre than the lessened cost of production. Thus, 
1, in Jackson county, the coal is 4 feet thick ; while at Straits- 
ed is 9 to 10 feet thick, but the same price obtains in both 
digging; at Wellston the coal is a homogeneous mass, while 
»oal of the Hocking Valley contains two bands of shale, and 
a band of bone coal, which have to be sorted out by the 
ch militates considerably against his producing power. 
int of economy, drift mines do not ordinarily possess any 
lyantage over shaft mines opened in the same district. 
ts less, it is true, to open and equip a drift than a shaft; but 
ft is opened and equipped the workings may be extended east, 
ı and south, without any interruption to their symmetry or 
In drift mines on the other hand, even under the most 
circumstances, not more than one-half of the same extent of 
be opened up; and, frequently, by means of the numerous 
hich cut down through the coal, a symmetrical and extended 
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mine cannot be laid out at all. Moreover, a considerable part of 
coal along its line of outcrop is so largely impregnated with iron rust 
earthy matter, as to render it unfit for market. In deep shaft mi 
which discharge a great flow of water, the advantages are in favc 
drift mining, but we have neither deep nor wet mines in Ohio. 


THE MANNER OF MINING. 


In districts in which coal seams about to be developed 
level-free, the manner of opening mines is simple and inexpen: 
The coal is usually exposed at some point on the hill-side, and is rea 
distinguished by a dark colored streak on the clay, called the 
“blossom” or “outcrop.” As the blossom is followed into the hi 
gradually hardens into coal. For some yards, sometimes for n 
yards, the coal is soft, dead and rusty. This is called crop coal, 
cannot be shipped. Ifthe front of the hill in which the mine is op 
is bold and steep, the coal soon becomes compact and bright, and fit 
commercial use; but if the hill is retreating, and the mine is ope 
near the top, the entries may be pushed from 50 to 100 yards be 
merchantable coal is met. On lands where the cover is light, sa 
or 40 feet, and is mainly composed of alluvial matter, only a few fee 
shale forming the immediate cover of the seam, the coal is ofteı 
tender and earthy as to be worthless. Under such conditions the 
is never good. 

All drift mines require to be timbered for some distance from 
mouth. The timbers, which are made out of hewn or sawed wood, 
usually 8 by 10 inches in size, their length being governed by the he 
of the seam. The bents are sometimes placed close together, but 
generally set about 24 to 3 feet apart, the intermediate space b 
filled with 2-inch plank. The leg of each bent of timbers slants inv 
about 1 foot in 6. If the bottom of the mine is wet, cross-sills are 
under each bent to keep them from sinking. 

The mine is usually made from 8 to 10 feet wide, and the timbe: 
is carried forward until the roof becomes so firm that it will safely st 
of its own accord. | 

The point usually selected for opening is as near the southeast 
of the mining property as may be practicable, so as to extend the w 
ings to the north and west, along the rise of the strata, to facili 
hauling and draining, For 100 to 200 feet the coal usually dips f 
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»f the opening ; experienced miners take up several feet of 
which they tail out to a point. 

ot always practicable to open and work to the rise of the 
e main entries of many mines run east or south. This 
3 to the cost of getting the coal, but it cannot be avoided. 
the coal lies in the hill, 25 to 30 feet above the level of the 
itch, the most favorable conditions for opening a mine are 
is gives the proper height for dumping the mine cars through 
nto the railroad cars below. We have, however, to accept 
yns as we find them; and frequently a mine is opened high 
nill, Under such circumstances an inclined plane is con- 
m the chutes to the drift mouth; the track of the plane is 
le, the empty train ascending as the loaded train descends. 
ypening a mine, the coal should be found too near the base 
o admit of dumping height, it adds considerably to the cost 
as well as militates against the producing power of the mine 
loaded cars up-hill, from the mine mouth to the tipple, by 
r; under such circumstances it is cheaper in the end to pro- 
-power. | 


a coal bed lies below water level, and has to be sunk for, it 
ched by a slope or a shaft. A slope dips at from 25 to 30 
d is preferred by many managers to a shaft, owing to the 
ffords for the ingress and egress of the miners. The ex- 
nking and equipping a mine with adequate machinery is 
ame in a shaft or slope until the latter exceeds 150 yards in 
2n, in point of economy, the advantage is on the side of the 
the Mahoning and Tuscarawas valleys the mines opened on 
bed of the series are generally slope openings. In all 
istricts of the State the shaft seems to find favor. 

idth of a slope is usually about 10 feet, and the height 54 to 
e hauling road or railway track is made single; a loaded 
8, two or four in number, being first hoisted and then an 
lowered. Shafts are made with double hoists, a loaded car 
n one cuge while an empty car descends in the opposite cage. 
rectangnlar in shape and are usually 8 feet wide and 16 feet 


nmencing to sink, whether ‘by shaft or slope, the horse and 
ployed until solid ground is reached. If the opening be no 
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greater than 100 feet in depth, the horse and gin is often used until 
is struck, particularly in mines in which the flow of water is not gi 
It is, however, true economy to erect the permanent hoisting machi! 
of the mine before ground is broken. This has to be done soone 
later in any event, and it costs no more to construct it one time 1 
another, while the money saved in hoisting rocks and water goes inta 
pocket of the mining adventurer. 

All mines have to be timbered until solid ground is reached. 
manner of timbering slopes is similar to that of timbering drifts, ex: 
that the bents require to be set a little closer together. In shafts 
timbers are laid as tight as possible, and in well regulated mines 
made of 10-inch square timbers. In some shallow mines in the § 
3-inch plank is used, but this is mistaken economy. Timbers of 8 in 
are light enough under any conditions. 

The cost of sinking a slope, 10 feet wide, and 6 feet high, does 
ordinarily exceed $35 per yard. A shaft 8 feet wide and 16 feet | 
will average in good ground 45 to 50 dollars per yard. This incl 
the expense of timbering, the powder used in blasting, and the rai 
of both rock and water. No uniform rule can, however, be laid d 
in such matters, the nature of the ground, the flow of water, and 
provisions made in commencing operations for the success of the er 
prise determine the expense. Some shafts cost more than double 
of others under the same conditions, and on the same field the co: 
sinking varies greatly, the result of the skill and judgment exercise 
grading and directing the subterranean excavations. The machi 
of shaft and slope mines consists of an engine for raising coal, a p 
for lifting water, and. the necessary boiler power. The size of 
hoisting engine is in proportion to the depth of the shaft and the we 
of the coal raised. Double engines are coming into use around 
mines. Two to four boilers, 36 to 40 feet in length, and of 36 in 
diameter, are generally needed to procure the necessary steam pc 
for lifting coal and water. The drums upon which the shaft r 
revolve are 5 to 7 feet in diameter ; the pulley wheels upon the pit h 
frame of shafts are made 6 or 8 feet in diameter. The hoisting r 
are 1} inches in diameter, and are made of iron or steel wire. 

At many mines where the coal is met within 100 feet of the 
face, less elaborate arrangements suffice, but it is always wisdom to | 
good, strong machinery, and especially to have abundant steam po 
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invested for euch purposes will surely find its way back into 
of the owner of the mines. The hoisting arrangements of 
; differ somewhat from those of shaft mines; in the former 
nearly always single, and only one rope is needed, while in 
oist is double. At many slopes a chain is often preferred to 
, but the rope is preferable. 


t head-frame of shaft mines is made 35 to 40 feet in height; 
landing, where the coal is delivered, is 22 to 25 feet above 
of the pit, and two screens are used in sorting the coal into 
ind pea, as it goes from the tipple into the hoppers below. 


nes have water in them. In many drift mines, particularly 
| which the workings extend to the verge of the strata, the 
charged by gravitation. In slopes and shafts, natural drain- 
ssible, and the waters of the mine must be pumped or lifted 
m power. A number of first class coal pumps are in use in 
, Cooper’s and Blake’s being generally preferred to others. 
f the pump is governed by the amount of water. Some 
harge much more water than others, and the mines of some 
e wetter than those of others. Inthe Mahoning Valley more 
et with than elsewhere in the State; this is due to the open 
of the coal—the joints of which serve as reservoirs. A 
mp in this valley, and one still largely in use, is the Buffalo, 
wooden pitmen, which run down the side of the slope. One 
} things necessary after coal has been struck in a slope or 
‚is to sink a water lodgme::t or sump. This is cut in the 
e coal, and is sunk to a depth of 8 or 10 feet, and made of 
liameter to hold several hours’ supply of water. A number 
pump of the Cameron, Cooper, or Blake manufacture will 
500 gallons of water per minute, while 200 gallons per minute 
low ina mine. The quantity of water in mines varies greatlys 
‚two pumps are necessary, sometimes three, and in the Lead- 
in the Mahoning Valley, six No. 6 steam Cameron pumps 
le to keep down the water, even while the shaft was going 
) great was the flow of water in this shaft that special pumps 
‘manufactured expressly for the occasion, and a special shaft 
z side of the main shaft in order to control the water. More 
) gallons per minute were pumped out of the mine. The 
this shaft is so remarkable that in the description of the 
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Mahoning Valley district, which will be found in another part of 
chapter, a brief sketch of it will be given. 

There are a number of methods or systems of laying out the ¥ 
ings of mines in use, according to the varying conditions which are 
in the several mining districts, as, for example, the thickness of 
overlying strata, the character of the roof as to hardness and soft 
the nature and thickness of the underlying fire-clay, the ability o! 
coal seam to resist pressure, etc. Suitable modifications of all 
English systems are practiced, except that of long-wall. A numb 
mines, situated along the line of the Niles and New Lisbon Rail 
were opened out on the long-wall system some years ago, with: 
factory results, but during the late panic, operations were suspen 
On resuming work two or three years ago, the mining proprietors cha 
hands, and the new manager changed the plan to pillar and ı 
practice. | 

A large amount of coal has been lost, and some valuable cc 
still being lost by faulty systems of mining. The first mines open« 
the State were drift workings, opened in hills along the lines of out 
of the coal. These hills, penetrated in all directions with ravines, 
erally contained only a few acres of coal, and the overlying strata 
not heavy. Very light pillars sufficed to support the roof under: 
circumstances, 

As the coal trade began to develop, and the mines became 1 
extensive, the frail supports, which sufficed for small mines, were fc 
inadequate for those of larger extent. The result was the falling | 
the workings before they were fairly opened out. In reopening t 
larger pillars were left; this, however, was done grudgingly, for the la 
the pillars left, the greater is the expense of getting the coal. | 
lands were, however, abundant and cheap, and the cost of ope 
new mines was inconsiderable; hence, there was a temptation to a 
any system which would reduce the immediate cost of working 
minimum. 

When shaft mining became a necessity, and the first ton of 
cost the mining adventurers ten or twelve thousand dollars, better 
tems were adopted from a sense of true economy, until by degree 
all the mining districts of the State, improved systems were adop 
though there are still mines in every district very unskillfully mans 

In all our well-regulated mines the plans which generally ob 
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to the second system ot British practice—that of working 
s and rooms, the pillars left being of sufficient strength to 


1e incumbent strata in place as the workings advanced 
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and after the rooms are all finished, the pillars being in | 
attacked. There are many modifications of this general system p 
ticed in the various regions of the State. 

In laying out the underground workings of mines, a plan of 
proposed system of working is usually made in advance by a compe 
practical mining engineer. The conditions must be carefully inv 
gated as to drainage, the nature of the roof and floor, the texture o: 
coal, and the weight of the overlying strata. It is not always prac 
to follow the letter of the plan laid down, owing to the irregulariti 
the floor, and to the presence of a but the spirit of the 
may be followed to the end. 

The double entry system obtains in all well-regulated mine 
consists in carrying forward two galleries in parallel lines on the fa 
the coal; a pillar of coal, 3 to 6 yards in thickness, being left bet 
the entries, which is out through every 30 to 40 yards for air. 
new air-hole is made at the face of the heading, the outer one is c 
up, and made air-tight by a wooden brattice, or otherwise, so asto 
the air forward to the working face. Butt entries are opened to 
and left of the main galleries; they are also made double, and a 
all respects like the main galleries. Entries are made much narı 
than rooms; they are generally driven 8 or 9 feet wide, for the pu: 
of having the roof firm and safe. The rooms from which the great 
of the coal is got, are opened in the butt entries. Rooms are st 
at the same width at which the entries are worked, but they are ra 
opened out to full width, 7 to 9 yards; they are worked both nortl 
south, in lines parallel with the main galleries of the mine. 
entries are 160 to 200 yards apart. 

The pillars or ribs left between rooms are of varying thicl 
according to the nature and weight of the overlying strata; un 
firm roof and a light cover, ribs 2 to 3 yards in thickness suffice ; 
are made thicker in proportion to the weight of the overlying 1 
Thin ribs are cut through every few yards, but when they are 4 to 6 
in thickness, break-throughs are less frequently made. These b 
throughs, like those made between the entries, are cut for the pt 
of keeping a fresh stream of air as. near the face of the workings a 
be practicable. 

The pillars of the mine are generally allowed to remain un 
the rooms are worked out ; they are then attacked in the interior 
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cut away as clean as practicable, but a great part is necessarily 
2 falls which follow their extraction. Pillar-work is the most 
part of mining. In some mines the pillars are attacked as 
e rooms are finished ; under such circumstances it is necessary 
strong supports along the galleries, to prevent the crushes and 
e overlying rocks from overrunning the mine. 

nanner of digging the coal is artful and curious. The tools of 
- consist of a sledge, 8 to 10 pounds in weight; several steel 
to 8 inches long; 3 to 6 picks, from 24 to 3 pounds in weight, 
lles 28 to 32 inches in length; a set of drilling tools, to-wit: 
scraper, a needle, and a tamping bar; frequently the drill and 
yar are made of one piece, one end being used for a drill and 
for a tamper. | 
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Two miners work together in rooms and entries; they keep e 
other company, assist in setting props; one watches while the ot 
works in dangerous situations, and if one is caught, the other can r: 
the alarm and call in adjoining comrades to the rescue. 


The first and the most laborious part of the work of coal digg 
consists in undermining, or bearing in, or holing the rooms. Thi 
generally performed in the bottom of the coal seam with the pick. 
undermining is made of varying depth, sometimes 3 to 4 feet, frequeı 
5 or 6 feet; the miner stands upon his feet, and strikes with all 
strength, until a few inches in depth are bored in; he then sits down 
the floor of the mine, his legs stretched wide apart in front of his bc 
and cuts in 6 inches to a foot deeper; finally he stretches his body al 
the floor, his shoulder and arm to the elbow resting upon his thigh, : 
in this constrained position finishes up the undermining. It will t 
two active miners 4 or 5 hours to undermine a room 8 yards wide | 
4 to 5 feet in depth. Forty to fifty blows of the pick are delivered 
minute, and considerable skill ‘is exercised in holing. Miners raise 
the work from boyhood are both speedier and cleaner workmen t 
those who assume the calling after manhood. There is a good des 
difference also in the nature of the undermining, some beds cut 
easy, others hard. A room is not usually undercut across its wl 
breadth in preparing a blast, though it is better to so undercut it. 


Having finished the undermining, the next thing in order is bo 
a hole for the blast. Some Skill is also required in performing 
work, so as to give the powder the best possible advantage. Ins 
mines more reliance is placed upon the drill than upon the pick, 
coal being largely blasted out of the solid. In doing so them 
shatters the coal, but this gives him little concern so long a 
adds ease to his body. Coal is not mined now with the care and : 
of 10 and 12 years ago. The amount of powder required for a ı 
varies from 1 to 8 pounds, the former amount sufficing when the co: 
properly undermined—the latter amount being required in blasting 
of the solid. Asa general rule, a pound of powder is burned for eı 
3 tons of coal mined. In the Massillon region, where the main wea 
of the miner is the drill, a pound of powder is burned for every si 
ton mined. In some mines powder is not required, the coal b 
knocked down, after it is undermined, with wedge and sledge. 

The entries of mines are driven so narrow that prop-wood is 
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o maintain the roof in place, but all rooms need propping. 

4 or 5 rows of props, planted 3 to 4 feet apart, are required 

he roof safe. The props are sunk in the floor a few inches, 

‘mounted with a flat-cap, about 2 inches thick, and 10 inches 

18 inches to 2 feet in length. Some mines require only one 

ws of props. The roof is not uniform throughout the mine ; 

rt it may be hard and strong, in other parts, tender and 

8." 

ailroad track of mines is about 3 feet in width; along the 

es the rails are made of T-iron, 12 to 16 pounds to the yard ; 

ms scantling is generally used, the size of the rail being 

by the weight of the loaded mine cars. Providing a good 

ck all over a mine, entry and room alike, is true economy on 

‘mine owners, although the first cost may be. greater. 

»d track and abundant ventilation are found wherever good 
yineering practice prevails. Mules cannot haul coal over bad 

‚ers cannot work in bad air. Nature will rebel; the mule may 
by the driver, but he will retaliate with his heels; the miner 
rsed by the boss, but he will retaliate with a strike. 

‚in which the coal is 6 feet high use horses for hauling ; below 
t, mules are used. _ 

lower than 4 feet require to have the roof ripped, to admit 
g with mules.. In low veins, a frequent practice is to employ 
y push the mine cars from the working faces to the hauling 
entries. This is the practice in the Steubenville district of 
county, and the Coalton district of Jackson county. It costs 
ploy men as pushers than to rip the roof to admit mules. 

; the main galleries the roof is ripped from end to end, and 
the hauling to the main shaft or mouth of the drift, as the 
De. | 

e thicker beds of coal the mine cars hold 1 to 14 tons; in the 
ins, $ to 1 ton. Thick beds cost less than thin one for haul- 
and other dead work. The cost of the dead work of mines 
m 15 to 40 cents per ton; this includes entry-driving, cutting 
cutting ditches, blasting roof and bottom, laying track, pro- 
ops and rail timber, and hauling, dumping, and loading coal. 
» grades of marketable coal are made at mines, “lump,” “nut,” 
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and “pea,” the latter, which is the finest or smallest variety, 
made at all mines. The space between the bars of the screen i 
1} inches; occasionally wider or narrower bars are used, but the 
exceptional cases. All coal which does not fall through the bars « 
screen is called “lump.”’ A second screen, with bars 4 an inch ı 
separates the “slack” from the “nut.” Pea coal is made by scre 
the nut coal. The slack is raised from the ground by a self-lo 
elevator, and thrown into a revolving circular screen, which thoro 
sifts out the fine coal which falls back to the ground, and ish 
away as refuse matter. At some mines the nut coal is washec 
purified before being loaded for shipment. 

The proportion of lump to nut and slack varies consideral 
mines, partly owing to the nature of the coal, and partly to the 
with which the coal is mined. Tender seams naturally make mor 
and slack than hard coal. In the Coalton or Wellston district, ı 
the seam is unusually tender, two-fifths of the whole pass through a 14 
screen, while in the-Mahoning Valley, in the Brier Hill di 
where the coal is hard and firm, only one-sixth of it falls throug 
screen. In mines in which powder is injudiciously used the c 
wantonly broken up into nut and slack. Unskilled miners make 
fine coal than experienced workmen. 

Work commences in the mines at 7 o’clock A.M., an hour is. 
to dinner at noon, and work ceases at 5 P.M.—nine working. 
being a day’s work. The diggers work by the ton, and are in a me 
their own bosses. All the workmen are expected to be down the 
or slope before the mules commence hauling. In mines in which | 
charges of powder are used in blasting out the coal, the workme 
forbidden from firing until 4 P.M.; in 5 minutes after the sig 
given 40 or 50 discharges are heard, and such is the force of these | 
that the earth shakes above. Vast volumes of emoke load the: 
mines after these subterranean discharges. 

In some mines firing is allowed twice a day, at noon and qu 
times, and in the Steubenville district, where small discharges of pc 
suffice, and the ventilating currents are unusually strong, the wor 
blast at all hours of the day, and suffer no inconvenience in ¢ 
quence, 

All shaft mines are provided with cages or elevators, upon ' 
the loaded and empty cars are raised and lowered through the 
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re provided with safety-catches or locks designed to hold the 
the guides, and prevent it from falling in case the rope should 
On the top of the cage there is a cover of oak boards or sheet- 
protect the workmen from falling stones, and in front of the 
the landing on top, self-acting gates are placed, which are lifted 
he way by the ascending cage, and drop back as the cage is 
and guard the entrance of the shaft. Not more than ten per- 
once are allowed by law to ascend or descend a shaft mine. 
g arrangements are provided at all shafts, consisting of a bell or 
‚for the information of the hoisting engineer. When a loaded 


ushed on the cage at the bottom, the cager below raps once, 


ig that coal is coming up; two raps are for the return of the 
d three raps that men are about to be hoisted, when the engineer 
3 more than ordinary care. The system of signaling is not 
at mines, though it should be. The best signal arrangements 
tate are in use at’the Garfield shaft in Trumbull county. There 
1 on top and one at the bottom. When men are about to be 
the cager below raps three times, the engineer answers by one 
1 until this is done no person is allowed to step on the cage. 
1e miners, not more than ten in number, are safely on the cage, 
r knocks again, giving one rap; the engineer answers that he is 
start by one rap, and the men are carefully raised to day. 
s mine has also a good speaking tube, so that conversations can 
between the éngineer and persons in the mine. All mines in 
he human voice cannot be distinctly understood from the top to 
om, should be provided with speaking tubes. 


\ 


LABOR-SAVING MACHINERY IN MINES. 


provements are constantly being made in mining, and hauling, 
nping coal, some of the more prominent of which deserves to be 
The mines of the Shawnee Valley Coal and Iron Company 
en improved during the past year by the erection of a substantial 
engine and wire rope. The mine is a drift, opened on the face 
and dips 30 feet in 3,000 feet. The engine cylinder is 12 inches 
r, and 20-inch stroke, built at Norwalk Iron Works, Con- 
- 
e rope is 3-inch Norway iron wire, 6,000 feet long. The coal is 
about 3,000 feet, 24 cars per trip. The rope passes three 
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butt entries, from which coal is hauled. These entries are doub 
starting, but the two come together to facilitate hitching. The : 
cars hold 30 hundred screened coal, and three trips per hour 
averaged, equal to 108 tons of lump coal. This does away wit 
horses, which, with drivers, would cost $30 a day. The cost nc 
$7.50 per day only, three men being employed with the machi 
The mine it getting out 700 tons of lump coal a day, which wi 
increased to 1,000 tons a day, as soon as sufficient mine cars are u 
The company commenced putting in this machinery January last, v 
the trade fell off, and brought out the first coal in three weeks. T 
was some difficulty and delay at first in getting the machinery to ı 
well. There are three curves on the road, the first being 37 deg 
The cars come around this curve without any trouble now. 
arrangement is admirable. 

The new and extensive mines of the Murray City Coal Comp 
in the Hocking Valley, have been fitted up with machinery for rai 
coal, of unsurpassed excellence. The opening of the mine is a sl 
which dips one foot in five, and the machinery for hauling out the 
consists of an endless wire rope, operated by a stationary engine pl: 
at the top of the slope. The hauling road is double, and loaded cars c¢ 
up on one track as the empty cars descend the other. The cars at 
themselves to the wire rope by means of an automatic clamp; the. 
never stops, and the cars attach themselves to it as soon as they 
brought to the bottom of the slope. On being delivered at the knu 
they detach themselves, pass forward into the dump-house, and ti 
their own accord over a Mitchell dump, one of the best arrangem 
for dumping coal ever contrived. This dump is so constructed that 
loaded car tips over automatically, its speed being regulated by a br 
the handle of which is within easy reach of the dumpman. After 
car is emptied, it falls back in place, and the advancing loaded 


.. strikes a spring, which throws the tip irons outward. The loaded 





then strikes the empty one standing on the tipple, and pushes it forv 
. out of the way, the tip iron then springs back in place, and holds 
loaded car, which is dumped in turn. The empty car moves forv 
. on a gently declining grade to a Y-switch., The road immedi 
beyond this switch is graded upward, and the empty car reverse 
. motion, runs back into the switch, is caught by the automatic clam 
‚the. wire rope, and lowered down the slope into the mine. Only 
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quired to do the dumping, and he could easily manage a 
mine cars a day. 
mines of the State Line Coal Company, situated at East 
Columbiana county, have very superior arrangements for 
al, and washing the slack or screenings. A stationary engine 
outside, which operates an endless wire rope, which extends 
nd 14 miles. A loaded train of cars, 50 to 60 in number, 
outside at once, and delivered in the shoots, and the empty 
ars is hauled back into the mines over the same track. Con- 
are held between the engineer in charge of the engine out- 
the hitcher-on in the interior of the mine, by means of a 
and all the arrangements are admirable. Ä 
washing machinery for separating the slate and other impuri- 
‚he nut and slack coal redeems fully 14 per cent. of the output 
ae, which was formerly unfit for any purpose, and was thrown 


aste. This coal is washed and purified by a stream of water, — 


poured upon it, and which carries it through a long narrow 
he slate and other impurities of the coal being the heavier 
l by the way, and lodge in the bottom of the trough. The 
ich runs the wire rope upon which the mine cars are hauled 
, also operates the slack-washer. The State Line mine is the 

Ohio in point of production, the average annual coal output 

100,000 tons. The mine is managed by Hugh Laughlin, a 
nining engineer of consummate skill and judgment. 


e mines of the Prospect Hill Coal Company, operated by Mr. 
thern, situated also at East Palestine, the coal is brought out 
ne by means of an endless wire rope. A small single shaft 
placed at the mouth of the mine, which is not reversible, but 
3 of the shaft reverse, and the full trips are brought out, and 
ones returned as fast as the coal can be gathered on the entry. 
rground hauling machinery is also used at some of the mines 
nville, and at the new slope of the Ohio Southern Coal and 
pany, in Jackson county, costly and elaborate hauling ma- 
as been fitted up. The coal is raised up the slope by means 
ess steel wire rope, 14 inches in diameter, which passes around 
ferent sheaves at the top of the mine. Four of the sheaves are 
ı diameter, and seven of them four feet in diameter. 
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Small locomotives have of late years been introduced in a numb: 
of coal mines in the State to do the work of hauling underground. 





MINE LOCOMOTIVE. 


The first trials of mine locomotives were made in Pennsylvania, . 
the anthracite coal fields, but they are now found in all the coal miniı 
states. As compared with stationary machinery and wire ropes, th 
hold their own, but they are objected to by many on account of tl 
smoke and gas generated from the coal. In the hands of an intellige 
mining engineer, who is master of the art of mine ventilation, they co: 
be used with perfect safety, but taken where uneducated and unskill 
men control the mining department, they are dangerous forces, a! 
their introduction has frequently led to fatal consequences. 

Wherever mine locomotives are used, it is necessary for the healt 
and safety of the miners to ventilate the workings with air, which 
not allowed to come in contact with the current amidst which the loc 
motive moves, and a column of wind of 25,000 cubic feet per minut 
and moving at the rate of 5 miles per hour is required to rid the mit 
of smoke and keep the galleries in a fit state for miners to occupy. 


CoaL CuTTins MACHINERY. 


Two coal cutting machines are in use in mines in Ohio—the Lechn: 
machine and the Harrison machine. The Lechner was introduced i 
the mines of the Straitsville Central Mining Co., in Perry county, i 
1876, and since that time it has been extended to several other distric 
in Ohio and to a number of the mining districts in Pennsylvania, We 
Virginia, Kentucky, Alabama, Illinois, and Colerado, and last ye 
found its way to some of the mines in Great Britain. 

This machine is only 20 inches in height, and can be used in sean 
of coal three feet thick and upward. It is wrought by means of con 
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MUNITIES VI WN ida 2 





the coal cutter consists of a horizontal bar three feet in 
hich a number of sharp steel knives are attached. The bar 
ithe knives grind the coal to dust, cutting a groove 4 
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inches in height and 5 feet deep at each attack. The machine is sh 
over three feet and a second attack made, and so on until the w 
room has become undermined to a depth of five feet. An undercut 
of 100 lineal feet is regarded as a fair day’s work for one machine. 
some mines the undercutting is made in the fire-clay floor, and all 
coal is saved ; in other mines it cannot be used in the floor. 

The Harrison coal-cutter was first applied in the mines of Illi 
by the Diamond Coal and Mining Co., and in 1880, the Chicago, 
mington and Vermillion Coal Co. of the same State, one of the wea 
est mining corporations in the west, applied 10 of these coal-cutters, 
they soon found their way to Ohio mines. The coal-cutter consis! 
a pick 8 pounds weight and 10 inches long, operated by a piston. 
pick, which is made of solid steel, has two points, and undercuts 
coal in much the same way as the miner does. This machine is n 
lighter, and is more easily moved about than the Lechner, but it ef 
no saving of coal over the ordinary method of hand-mining. | 
machines have their advocates, and either of them is an improve! 
over manual labor. A few months ago the Harrison machine wa: 
troduced into the iron ore mines of the Hanging Rock region, and 
prove a more successful digger of iron ore than of coal. 

The introduction of coal-cutting machinery was looked upon: 
a jealous eye by the miners, and yet it will come not as their en 
‘but as their best friend. It will not drive out the miner, but 
lighten his occupation, and give him brain labor. It will take : 
the laborious work of undercutting, at once the most constrained 
exhausting work to which the human frame can be put. The floc 
mines is always damp, often wet, and the miner is required to lie d 
on his side, and burrow away underneath the coal for 4 or 5 feet. I 
-bago and rheumatism attack him in consequence. 

_ A large number of coal cutting machines have been introd 
from time to time into the mines of Great Britain. Only a few oft 
have been found in practice to hold their own. Coal, the founds 
of the power which sets the machinery of the world in motion, has | 
found one of the most difficult industries to which can be apy 
labor-saving machinery. 
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EXAMPLES OF Goop MINING PRACTICE. 


The manner of mining in some of the older and more import: 
regions of the State, where good practice generally prevails, will n 
be briefly described. 

The system of mining in the Mahoning Valley, owing to | 
conditions under which the coal was deposited, is peculiar a 
curious. The coal, which is the lower bed of the State series, is subj 
to sudden changes of level, and is found disposed in long, narrow, a 
serpentine basins or troughs. Generally these basins are separated fr 
each other by large areas of barren ground, in which the coal is g 
logically due, but was never deposited ; occasionally two or more of | 
basins run along side of each other in nearly parallel lines, the c 
extending from one basin to another in the form of an anticlinal ar 
without breaking its continuity, though becoming very thin on the hi 
lands of the old coal plain. The low ground in the coal bed is cal! 
a swamp by the miners. Owing to the structure of these swamps, | 
workings cannot be laid out with any degree of symmetry, and pecul 
mining skill is required to guide and direct the subterranean excaı 
tions. The line of direction of the swamps is very sinuous, resembli 
the bed of a rivulet, and the main galleries of the mines have to 
opened in these swamps, following their lines of direction through 
their sinuosities, in order to drain the workings of water. 

The mines are all shaft openings, ranging in depth from 50 to 2 
feet; the stratum overlying the coal is a hard and compact gray sha 
the floor is a firm, hard, sandy fire-clay, and the coal seam itself it 
hard, firm, compact, block coal. When to these conditions are add 
the fact that the basins are generally quite narrow, seldom exceedin; 
few hundred yards in width, small pillars suffice for the support of | 
overlying rocks. The main entries of the mine, which are driven fr 
8 to 9 feet in width, follow the swamp, as I have said, wherever it n 
lead, the line of direction of the swamp being usually southwest. 
intervals of 160 yards, branch entries are driven on the butts of | 
coal, and the rooms, which are usually 10 to 12 yards wide, are work 
at right angles from the butt entries; pillars, two to three yards 
thickness, which are cut through every few yards for air, being | 
between rooms to support the roof. 

All the entries of the mines, face and butt alike, are driven in | 
swamp when it is practical to do so; as the seam of coal is seldom hi 


COAL MINING. 347 


mit of the hauling mules, the roof is ripped for a foot or 
he coal is not every where got by shafting ; a favorite method 
by opening slopes on a dip of 30 degrees. Slopes which 
d 100 yards in length, are as cheaply opened as perpen- 
‚100 feet in depth ; the cost of sinking is greater in slopes, 
eir greater length, but less costly machinery suffices for 
ypes are usually made 10 feet wide and 6 feet high, with 
k. A train of loaded cars, two or three in number, is 
mpty train is then sent back, and in this manner 500 tons 
urs is a fair average at a well-regulated mine; in the larger 
700 tons constitute the daily output. The best mines, 
being rapidly exhausted, but further southwest, on the line 
of the swamp basins, new discoveries are rewarding the 
he mining adventurer, and many years must elapse before 
mplete exhaustion occurs. Owing to the increasing depth 
low the surface, in following up the basins along their line 
ewer mines are mainly shaft openings—slopes, as already 
1 exceeding 100 yards in length. 
ers of this region are of mixed nationality, the Welsh 
aumerous than others. In the mine of the Church Hill 
y, one of the largest in the valley, eight different European 
are represented underground, in the following order as to 
elsh, French, Scotch, Italians, German, English, Irish, 
In a large and well-regulated mine in this region as many 
men and boys are employed underground. Where 200 men 
digging coal, the average output of the men will reach 
day. This will require an underground force of 15 mule 
to 12 road men, 5 or 6 trapper boys, 1 furnace man, 
r more pumpers or water bailers; while above ground 
en, 2 dumpers, 1 trimmer, 1 weighmaster, 2 engineers, 
d one general overseer or mining boss are required. It 
40 to 50 per cent. added to the cost of mining and loading 


je day-men, and other dead work of the mines, the cost of 


ing lessened or increased according to the varying circum- 
onditions of mines. 

t is the standard height of coal for which the miners are 
or digging and loading. Above this thickness, no decrease 
owed, but for every 3 inches of decrease in thickness below 
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4 feet, the miner is paid 5 cents additional, until the coal seam re 
to 2 feet, no coal being mined, except in rare cases, below this t 
ness, 

The cost of opening and equipping a mine in this coal region 
exeeeds $20,000, but if the coal proves of good quality, as is usual 
case, the money is soon refunded. The mines had been very profita 
more profitable than those of any other region in Ohio, owing par 
the proximity of the coal field to Cleveland and Lake Erie, but la 
to the superior quality of the coal, which is of unequalled excell 
The better paying mines have frequently cleared for their owners, af 
expenses are paid, including interest on capital invested, and wea 
tear of machinery, from 75 cents to $1.00 per ton. Not all enter 
pay this well, however, and some of them are losing concerns rest 
from a variety of causes, as, for example, the inferior quality and li 
quantity of the coal, or the too abundant flow of water, etc. The 
of the Leadville Coal Company, s‘tuated 3 miles west of ze 
is an instanee of this latter kind. 


The history of this mine is so remarkable, that a brief sketch 
may not be out of place. The work of sinking this shaft was c 
the most difficult and costly undertakings ever encountered i 
United States, mainly by reason of the flow of water. The time 
pied in sinking, including several long stoppages, was about two 
and six months. The shaft was first let by contract to a party of 
miners, at twenty dollars a foot, the company (Messrs. Wicks and V 
agreeing to furnish pumping machinery for the discharge of ı 
The sinkers only succeeded in getting down to the solid material, 
finding it was impossible to complete the work for the price, with e 
thing in their favor, they threw up their contract. A second 
undertook the work at thirty-five dollars a foot, but also gave 
after a trial of three weeks. A third party took it at fifty dol 
foot, which was a fair price for work of this character on good gr 
This party, strongly impressed with the necessity of having the 
under absolute control at all times, sunk a.seven-inch drill-hole 1 
corner of the pit, down to the coal, into which they introdace 
suction pump of a No. 6 Cameron steam-pump, suspending the pu 
the shaft, and lowering it as the sinking progressed. This arrang 
worked very well; but the rock was very difficult to blast ; the si 
“the shaft were hard to dress, and the undertaking was a loss fro 
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The rock—a coarse-grained sandstone—was of very porous 
o which it was impossible to introduce naked powder for 
[t had no partings, and the work of sinking was slow and 
the contractors persevered, knowing that the sandstone, 
by the borings of the large drill-hole, would be softer and 
ast, the deeper the pit went into it. 


rery additional foot of depth increased the volume of water, 
depth of sixty feet the pump was kept running at its full 
The contractors now applied to Messrs. Wicks and Wells 
181 pumping power, which they felt very reluctant to provide. 
s wanted a duplicate pump, as the breaking of any part of 
use would necessitate its withdrawal, and fill the shaft with 
ailing needless expense and loss of time. After much 
nd delay they got a second-hand pump of the same num- 
a larger make, no part of which could be used on the other 
this third party were forced to give up the contract, having 
pusand dollars in the shaft. Most of this loss, however, “ ; 
the large drill-hole, reconstructing machinery, and in the 
f tools and fixtures for handling the pumps, and in a for- 
ureties (ten dollars a foot) for the completion of the work. 
3. Wicks and Wells now concluded to sink the shaft by day- 
selves personally superintending the operations, and hiring 
the sinkers. A second pump was soon found necessary, and 


d one, pump after pump being added, until six steam pumps 


shaft, capable of discharging 3,000 gallons of water per 
sittle or no progress could be made with so many pumps, 
f sinking was suspended, and a new shaft, 8 by 12 feet, was 
yngside of the main shaft, and sunk down to the level or bot- 
main shaft. Some of the pumps were removed to the new 
ogress was resumed below; at the depth of 110 feet, however, 
vice in the rock was struck in sinking, from which the 
ed with such force as to throw the drill high up in the shaft, 
pumps were overpowered. They were all withdrawn, and 
led with water. 


some weeks of ‘stoppage, all the pumps were 4gain set to 
the water pumped out down to the point where the pressure 
er and the power of the pumps were balanced. All the 
e run to their fullest capacity for four weeks, discharging 
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three thousand gallons a minute, in the hope of emptying, or : 
controlling the feeders of water, but no impression was made. 
deemed necessary to further progress to procure one powerful 
equal to the combined force of the six in use. Accordingly, one 
steam cylinder twenty-six and one-half inches diameter, and : 
cylinder of sixteen inches diameter, with fourteen-inch suction p 
five-foot stroke, made expressly for the purpose, was brought into: 
tion. The water was now mastered, but the difficulty was to get 
made below the crevice so as to get a chance to close it up. The 
of the shaft was a vast array of suction pipes, and the water flowed 
the crevice in floods. The pumps suspended above the workme 
the shaft. Every one who has handled pumps in sinking will o 
of the difficulty of keeping so many pumps and pipes, suspeı 
these were by iron rods, in working order, all having to be low 
the sinking progressed. A cutting, two or three feet below the: 
was finally accomplished, when. the sinkers addressed themes 
cleaning out the crevice, so as to fill it up with wooden blocks 
back the water. The blocks were well wedged in and caulked, 
water was finally shut off and controlled. | 

The work of getting below the crevice was a labor of unpa 
difficulty and danger. The workmen, suspended in buckets, and 
scarcely room to turn around among the multitude of pumps, 
heroically, though drenched with water, which shot in great 
across the shaft. During the whole of the undertaking not : 
accident occurred. The closing up of the crevice reduced the 
water to five hundred gallons per minute, and no further difficu 
experienced until the coal was reached. 

In sinking this shaft, six thirty-feet boilers, with 36-inch hes 
used. The cost of the work, including the necessary supplies f 
ing, was $71,837, and the whole depth of the shaft was but 187 

As the vast volume of water encountered in sinking was d 
back over the heads of the miners, its liberation by a fall of r 
only a question of time. Fifteen thousand square yards had n 
excavated till the waters broke into the workings. All the 
escaped in safety, but the pumps were soon overpowered, and tl 
with all its subterranean excavations, was again flooded. 

The mine remained idle for 5 years. In the spring of 1 
Leadville Coal Company was organized, which bought out the 
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1d Wells, the owners and projectors of the enterprise, A 
hoisting engine of 400 horse power, built by E. P. Allis & Co., 
ikee, Wisconsin, and two bucket water-pumps, each of 27-inch 
et stroke, and capable, while ranning 10 strokes to the minute, 
rging 3,500 gallons of water per minute, the pumps being 
by H. Hackney, Esq., Superintendent of the Mahoning Works, 
at the shops of the company in Youngstown, were applied for 
ind pumping. Everything being in readiness, the pumps were 
» in November, 1880 ; when the water was lowered to the depth 
et in the shaft, one of the workmen accidentally dropped a 
ge into one of the pumps, which stopped it, and ir was found 
to take this pump out to remove the wedge; in doing so the 
in filled with water. In a few days the work of pumping was 
umed, and six weeks later the mine was pumped dry, and the 
fter an absence of five years, ventured down the shaft, and 
ed mining operations. The mine having but one opening, and 
ations that had been made requiring a second opening, as pro- 
the mining law of the State, an escape shaft, or traveling way, 
into the mine, for the egress of the miners in case of accident, 
isting shaft. This traveling way was completed only two days, 
wooden structure covering and surrounding the hoisting shaft 
re from a spark from the smoke-stack, and was burned to the 
The miners found safe egress through the second outlet or 
way ; had there been but one opening, every soul underground 
ue of the fire would have speedily and inevitably perished. 
fire, which occurred on the 21st of August, 1881, having 
| all the buildings covering and surrounding the shaft, and dis- 
‘pumping and hoisting machinery, all the subterranean excava- 
> again filled with water. The company at once commenced 
g the works and repairing the machinery, and on the 15th 
er following, the pumps were again started up, and a month 
mine was once more pumped dry. There is an excitement in 
unknown, perhaps, to any other industry, hence, all the mis- 
of this ill-fated mine have not in the least daunted the courage 
ine owners, or alarmed the fearless spirit of the miners, and 
; resumed with the same degree of cheerfulness as in the begin- 
‘mines in the Steubenville district, in Jefferson county, are 
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a plan nowhere else followed in Ohio, owing to the greater 
incumbent strata, as well as to the presence of firedamp ‚which 
‘in dangerous quantities. The plan is a model after that in 
North of England, in which district the art of mining is bet- 
ood than in any other coal field in the world. 

90ms in the Steubenville shaft mines are made 18 feet wide, 
uts or walls 12 feet wide, the pillars left being 24 feet in thick- 
'2 feet in length. The walls head off the rooms at right an- 
re driven straight forward in the butts of the coal, the rooms 
en on the face. The main entries, which follow the face of 
2s parallel with the rooms are 10 feet wide and are double. 
ıce of fire-damp in the mine makes ventilation a paramount 
and so well is this art understood by the superintendents that 
e accident by explosion has occurred in the past 17 years. All 
es rely on the furnace for the necessary currents of air, and 
ıntage is taken of the natural law to get the best results. The 
re made 54 feet wide, 33 feet high above the bars, and are 30 
in length. The upcast of the shaft is roomy and dry, the air 
the mine are wide and as straight as circumstances will per- 
fully three times as much air is set in motion with the 
mse of attendence and fuel as in many other mines. The 
pth of shaft at Steubenville assists in creating the flow of air, 
‚ctical power of the furnace is in proportion to the length of 
t, the power being as the ratio of the depth. The air current 
ll up toward the face of the workings; no sooner is a new 
de from the wall into the room face, than the outer wall is 
ip and made air-tight. Should the current of air playing along 
urses be too strong for the comfort of the miners, an opening: 
he outer break-through for the escape of air until the miner 
1 his room ahead in the “fast” beyond the sweep of the circu- 
am. 

der to guard against the possibility of danger none of the work- 
s district are allowed to descend any of the shafts in the mor- 
ler any circumstances, until the mine has been thoroughly 
withasafety-lamp. At 4o’clock in the morning, the mine boss, 
y several trusted deputies, descend the mine, safety-lamp in 
very gallery and room is examined, each fire viewer traversing 
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the division of the mine allotted him by the mining boss. If gas is ı 
in any working-place, the viewer takes off his coat and commen 
slashing among the fire-damp until it has become thoroughly diluted w 
the common air, and rendered harmless. In the rare cases in which | 
gas is too copious to be driven out in this manner, the place is marl 
by a danger signal placed at the mouth of the room, forbidding a 
person to enter until the gas has been driven out. This is done, eit! 
by taking forward brattice, or by driving a oross-wall to strike throu 
at the face of the room. | 

Having made the rounds of the mine the viewers meet at ap 
arranged station, and report to the boss. If everything is satisfacto 
the examiners return to the bottom of the pit, and the signal is git 
for the miners to descend. The underground managers of this dist: 
are especially intelligent in dealing with fire-damp and the means of 
moving it. — | | 

The system of carrying forward the workings is simply adm 
able. Each working place advances as fast as another—all movi 
with mathematical exactitude. Every 3 months the miners bal 
for places, and whoever is elected to any working-place, good or b: 
is required to stay there until the next quarterly voting day arriv 
By this arrangement no favoritism is shown, and everything works h 
moniously. 

The coal of the mines in this region is too thin to admit of hauli 
mules entering the rooms, and miners are employed to push the loac 
cars from the miner to the mule road on the entry, and bring back { 
empty cars. They are called putters, after the English name. Th 
putters are employed at each station of 15 rooms. The shaft mines 
Steubenville are among the deepest in the State, Rush Run shaft bei 
261 feet; Mingo shaft, 250 feet, and the Market Street shaft, 225 f 
deep. ¢ 

In the Pomeroy region, on the Ohio River, the system of worki 
with double entries was first introduced in drift mines in this Sta 
The mines were opened in 1833, and laid out on the single entry syste 
and reliance was placed on the natural forces for creating ventilatic 
Owing to the presence of black damp, the air was never good, and 
improved method of working and ventilating the mines became a pai 
mount necessity. 

When the double entry system. was introduced, the rooms w 
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a distance of one hundred yards, and as soon as ajroom’was 
1 the pillar was attacked, and brought back a distance of 50 yards 


maining 50 yards being left unwrought in the mine. An un- 
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necessary quantity of pillar coal was sacrificed by this plan, and it was 
changed to the present’ method, which consists in working reoms for- 
ward 80 yards, and removing all the ‘pillar coal after the rooms are 
finished or worked out. 

As the mines are now worked, double parallel entries are. driven 
in the face and butt slips of the coal. The butt entries are 160 feet 
between the blocks. Rooms are opened on the north and south, follow- 
ing the line of the face entries. The rooms are broken off the entry 
7 feet wide, and are advanced 15 feet before being opened to their full 
width of 7 yards. The thickness of pillars between rooms is 6 yards, 
which are cut through when the rooms are worked forward 40 yards, 
for the purpose of getting better air. 

The pillars of a range of workings are attacked as soon as the rooms 
are finished up. The pillars first cut away are those in the first range 
of rooms. As soon as a butt entry has been driven forward to its 
boundary, and all the working rooms finished up, the pillars of the four 
interior rooms are worked away. They are brought back in echelon 
with the purpose of throwing the weight of the superincumbent strata 
away from the miners. The roof of the excavated area is held up by a 
free use of prop-wood, and seldom falls in alarming masses until the air 
crossing 40 yards back has been reached. The slate forming the im- 
mediate cover of the coal now begins to fall, but the massive sandrock 
above remains firm. When the range of pillars has been cut away 
within 15 yards of the entry, the miners change front, and attack the 
entry stumps on the butts of the coal, and work them off. 
| The first range of pillars having thus been withdrawn, a new range 
adjoining those just removed is attacked, and worked away as in the 
first case, the slate falling down in the excavated space. When suffi- 
cient space has been made to allow the sandrock above to break, a week 
or ten days occurs from the time it begins to rend and crack before it 
finally gives way and falls. The rending of the rocks is terrific; loud 
cracking and rumbling goes on; sometimes the noise is loud and sharp, 
at other times it resembles the sound of distant thunder. Fragments 
of the pillar coal break and fly off, and finally the massive strata, several 
hundred feet in thickness, falls with tremendous noise and force. All 
this time the workmen continue robbing the pillars, secure from danger, 
under oover of the undisturbed portion of the mine. 

In some of the mines of the Hocking Valley, as well as in other 
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sts, the pillars are removed as the workings advance. As soon as 
ge of rooms is worked out, the pillars are attacked and worked 
to the entry. The advantage of this system consists in getting 
illar coal while it is yet fresh; for coal deteriorates by drying 
when left in the pillars for a number of years. The expense 
king new roadways is also avoided, but it requires skill, not always 
n the management of mines in this State, to anticipate the results 
\wing pillars, and quite frequently, the crush which follows their 
tion, overruns the entries and destroys the whole economy of the 
Experience, which is a good schoolmaster, is, however, throwing 
ole light on this subject. 
\ plan of mining which still largely obtains in this State, consists 
ving single entries, and starting rooms from off both sides of the 
ntries. Doors are placed in the mouths of rooms on one side of 
try, and the air is carried forward along the entry, and returned 
of the doors. Less expense attends this plan, especially in low 
‚in which the roof requires to be blasted along the hauling roads, 


yy driving double entries, but the ventilation is never as good, and 


aving effected is usually swallowed up by strikes and stoppages, 
oned indirectly at least by bad air. 

‘he above methods of mining, or some suitable modification oI 
are practiced in every mining district of the State. Year after 
mprovements continue to be made, and many of our mines in 
intricate subterranean departments show highly creditable en- 
ing skill. 

. simple plan of working mines still lingers in the Hocking Valley, 
n as the block system. It seems to have been borrowed from the 
ngahela River region in the early days of mining, and is applied 
by mining superintendents who have never seen better practice. 
sists in dividing up the mine into a series of blocks or squares of 
- 400 feet, all the entries and air-courses being single. The objec- 
o the plan lies in the difficulty in getting forward air, and it is 
practicable in mines which make no fire-damp and little of any 
mineral gas. It has nothing to commend it, not even the plea of 
ny, and is disappearing before more advanced systems of working. 
‘ming the blocks, the entrymen are required to work 500 to 600 
head of the air-ways. To do this, rooms are usually not allowed 
opened until the air-courses are completed ; sometimes, however, 


En En 


358 GEOLOGY OF OHIO. 


3»#n0> HIV 


AIR COURSE 


fer 
ac 
ier 
| 
m 
Zz 
= 
£ 


— m In 





for want of places, the mining boss will start up rooms before the ail 
ways are through, converting the working-places of the mine into a cor 
dition unfit for the healthy abode of man. Many a long strike has ha 
its origin in just such places. 
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THE VENTILATION OF MINES. 


2 more common gases which are met with in coal mines, are 
among miners as fire-damp, after-damp or choke-damp, black 
ind white damp. Fire-damp is the light carbureted hydrogen 
chemistry, and consists of one volume of the vapors of carbon 


» volumes of hydrogen, condensed by affinity into one volume. . 


yusand cubie feet of atmospheric air at the temperature of 32°, 
ressure of 14.7 pounds, weighs 80.728 pounds, and one thousand 
set of fire-damp, under the same conditions, weighs 45.386 
; the weight of the fire-damp is, therefore, .562, as compared 
mmon air. Being thus lighter than the atmosphere by nearly 
f, it occupies the roof and higher places in mines. In its pure 
liluted state fire-damp will neither support light nor life, but 
nixed with twice its bulk of air it may be breathed, although 
ffering. Fire-damp requires a mixture of five times its volume 
o constitute an explosive compound; with this proportion the 
yn is very feeble. When a little more than nine times the 
of air is added to one volume of fire-damp, it forms a 
l explosive mixture. In this condition, the instant a naked 
brought into contact with the gas, it explodes with the rapidity 
lence of gunpowder, and is liable to produce dreadful results. 
nore than fourteen times the volume of air is mixed with the fire- 
t again ceases to be explosive. Fire-damp is chemically com- 


By atom«. By weight. By volume. 


FOTOR OU ee ee 2 24.6 2 
FDOD air 1 75.4 1 
l 100. 1 


ter-damp is the product of an explosion of fire-damp, and con- 
hen the gas is exploded, 71 parts of pure nitrogen, 9.5 parts of 
c acid gas, and 19 parts of steam. Immediately after explosion 
m condenses, leaving a largely increased proportion of carbonic 
hich is a most deadly gas. On the occasion of a disastrous 
mn of fire-damp, more lives are generally lost from breathing the 
mp than from the rolling violence of the burning gas. The 
is after-damp spreads through the mine, and the miners are soon 
vered by the surcharged atmosphere. A painless stupor gradu- 
ercomes them, and they fall asleep in death. 
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Black damp is the carbonic acid gas of chemistry ; it is freque: 
called “stythe” by the English miners. Its effects on animal life 
akin to those of the after-damp of an explosion. In its pure state 
a deadly poison, neither light nor life being capable of existing in it, 
the miner’s lamp, when placed in an undiluted stratum of it, beco 
instantly extinguished as though it were plunged in water. When 
10 per cent. of black damp is diffused through the air Sf mines, a | 
cannot be maintained; where a light ceases to burn, it is n 
safe for a miner to trust himself for any length of time. B' 
damp contains two atoms of oxygen, and one atom of carbon; 
specific gravity is 1.524, common air being 1; the oxygen, by wei 
forming 72.73 per cent, and the carbon 27.27 per cent. of the 
Being thus considerably heavier than air, it occupies the floors of m 
when in a pure state, but, like other gases, it readily diffuses itself ı 
atmospheric air. 

The white damp of mines is the equivalent of carbonic oxide. 7 
gas is much more deleterious to animal life than black damp, for 
containing only 1 per cent. of white damp is unfit for human resp 
tion, and if breathed for a few minutes will surely cause death. — 
like black damp, which ordinarily extinguishes the miner’s lamp be 
prostrating his energies, white damp will support combustion amid 
deadly atmosphere. Miners have been frequently found dead in 
charged with white damp, while their lamps continued to burn ı 
great clearness. The effects of this gas upon animal life are simila 
those of black damp, and to the after-damp of explosion: | 
miner falls asleep, and, if not speedily removed, he dies. W 
damp is composed of 1 atom of oxygen and 1 atom of carbon. 
weight this gas contains 56.69 per cent. of oxygen and 43.31 
cent. of carbon; its specific gravity is 975.195, being little 
than the atmospheric air. Sulphuretted hydrogen gas is also 
quently found in coal mines. It is called white damp by some mir 
like carbonic oxide; it is, however, readily distinguished from carb: 
oxide by its peculiar smell, which resembles that of rotten eggs. | 
phuretted hydrogen consists of 1 atom of sulphur and 1 atom of hy. 
gen; by weight it contains 94.15 per cent. of sulphur and 5.85 per c 
of hydrogen. This gas is met in abandoned workings in which 
pyrites is undergoing decomposition. It is also generated by con 
of hydrogen with sulphur in a comminuted form. Like carbonic ox 
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lamp will burn with clearness in a deadly mixture of this 
1 3 per cent. of sulphureted hydrogen is found in the air of 
an life cannot exist except with suffering. It produces faint- 
diness and asphyxia. 
yases are generated in mines from a variety of causes. Fire- 
es from the fissures and minute pores of the coal and its as- 
a. It is seldom met with in very alarming quantities in 
el-free mines, or in shafts of moderate depth. The most 
are those between 600 and 1200 feet in depth; below this 
eds of coal are met, but it is the exception rather than the 
-damp exists in mines in a highly compressed state, being 
the interstices and fissures of the coal by the counterpoising 
the atmosphere. When the barometer falls, indicating a 
of atmospheric pressure, the pent up gas escapes in great 
Many fatal mining explosions are due to this cause. The 
equently escapes in the form of blowers, which produce a 
ce, and which, when ignited, burn like a long blow-pipe. 
mp of coal mines is one of the most fatal and dangerous 
er encountered in human enterprise. 
damp, like fire-damp, is liberated from the coal and its asso- 
; it is also generated by the burning of lights in the mine, 
lations of men and animals, by decaying woodwork, and by 
g strata. The gases formed by blasting also aid in the 
f black damp. This gas is perhaps a more deadly, as it is a 
, enemy of the miner than even fire-damp ; the effects of fire- 
nstantaneous, while those of black damp are slow in opera- 
lly “but surely undermining the constitution, and killing its 
inches. 
damp is formed largely from the products of exploded gun- 
is also generated freely in waste and abandoned parts ot 
icularly where breeding fires are liable to break out. Both 
hydrogen and carbonic oxide are formed by breeding fires. 
resence of these gases in mines makes ventilation a para- 
ideration in working coal or other minerals. Above ground 
immediately flies upward into space, but the air of mines 
late from one working-place to another, frequently traveling 
[2 miles, and supplying 300 men and many horses before it 
upcast shaft, and is delivered to day. As moves along the 
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labyrinthian passages of the mine, it becomes more and more vitia 
unfit for breathing from the loss of oxygen, which is replaced 
noxious and poisonous gases met on the way. When we consi 
numerous complaints which reach the public ear, over the 
tion of badly ventilated public buildings and workshops, and 
ber the numerous treatises which have been written on the best r 
of improving the ventilation of such buildings, we are forcibly re 
of those dark subterranean workshops, amidst which the cause: 
- tend to vitiate the atmosphere are multiplied a hundred fold, anc 
not even a ray of sunlight can ever come. 

In laying out the workings of mines, two general syste 
adopted, with the view as well to provide the means for circ 
currents of air through the workings, as for min'ng away the c« 
namely: the long-wall system and the pillar and room system. 
former method all the coal is withdrawn as the works advan 
gressively forward, the overlying strata being allowed to fall do 
close in behind the miners, who maintain traveling ways by cut 
the floor or blasting down the roof. In the latter system colt 
coal are left in the mine as the workings advance, for the suppor 
superincumbent strata, these columns being attacked afterwards 
times in a series of rooms as the workings advance, but more ge 
after all the rooms have been finished up to the boundary line 
mining plant. Long-wall mining, although it can be employed | 
advantage in many seams of coal than pillar and room practice, 
yet obtained a foothold in Ohio mines, all our coal being won 
pillar and room system. 

Pillar and room working, as its name indicates, consists in { 
pillars and rooms, alternately; the proportion of coal mined : 
that left standing being governed by circumstances and con 
Rooms are made wide and pillars narrow when the roof is hi 
firm, and the thickness of the overlying strata is not great; wl 
roof is tender and the superincumbent strata heavy, narrow roo 
strong pillars are required. 


In opening a mine on the pillar and room system, gan 
entries, headings or galleries, as they are variously called, are f 
forward on the face and end-slips of the coal bed. These entries 
in all well-regulated mines are made double, constitute the main : 
of the mine; they are usually driven much narrower than the rı 
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/ as to make them extra safe, as well as to add strength to 
The rooms are invariably started off the butt entries of 
fin both entries and rooms, break-throughs require to be 
me working-place to another at stated intervals for the 
e ventilating currents of air. — | 
"the mines in this State in which improved mining systems 
yd, no working-place is driven forward more than 40 yards 
. circulating currents until a break-through is cut in the 
ne working-place to another. All break-throughs, except 
ade near the working faces of the mine, are built up and 
tight by brattice, trap-doors, or otherwise, in order to force 
nts forward where the people are employed, for the ten- 
current is to follow the easiest route to the upcast. 
sin which no fire-damp is given off, fully 100 cubic feet of 
e should be circulated per man; in mines which make fire- 
. greater quantity is required, particularly if the fire-damp is 
ously. But this current must be made to sweep through 
of the mine, where the men are employed, or it will do 
good. There may be ten times the amount of air required 
ary condition of a mine entering by the intake, and dis- 
she upcast, and yet the working-places in the interior be in 
ive condition. Under every system of ventilation there is 
ry leakage. 
wo separate openings of different depths are made into a 
ent of air is set in motion by the natural pressure of the 
In winter the lower opening will be the downcast, and in 
vill be the upcast, because during winter the atmosphere 
nser, and consequently heavier than the air of the mine, 
nmer the reverse is the case. During those seasons of the 
ch the mine atmosphere and the air outside approximate 
| density, there will be no motion, or it will be so slight as 
e service. 


erground excavations become more extensive, the natural 
during seasons most favorable to their operation, become 
quate as a ventilating power, owing to the resistance which 
om, and sides ot the air-way offer to the moving current of 
icial ventilation has to be applied to produce the circulation 
weep away the gases and renderthem harmless. Furnaces 
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FURNACE 


and fans are the powers applied to produce artificial ventilati 
quently, exhaust steam from the steam-pump at the bottom of 
or pumping shaft is applied; but while this is a valuable auxi 
too weak a ventilating force in a large and extensive mine : 
alone. 

The furnace has long been the favorite method of produ 
tilation among practical men, but of late years exhaust fa 
Guibal, Schiele, Waddle, and other patterns have been introd 
have worked so successfully as to supplant the furnace nearly | 
over large and important mining districts in England and 
continental States of Europe. The furnace in its first cost 
than the fan, and in deep mines is capable of doing equally 
work, while in shallow mines the fan is both cheaper and mor 
as a ventilating power. ‘The furnace is likely, however, to « 
ventilator as long as coal mining is followed. 

The proper construction of a ventilating furnace is a debat 
tion among mining engineers. A thin, wide fire, and low arch m 
ually heat the passing current of air, than a furnace having a | 
The arch, in my judgment, should never be higher than 3% feet 
bars, and the wider the furnace is, the better, and the wh 
should be kept constantly and uniformly heated. As fur 
ordinarily built they do not admit the whole amount of air w 
are capable of moving; hence, it is found to add to their v 
power to provide side chambers. The object of these cham 


- _ 
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admit the passage of columns of cool air between the farnace and pillars 
of coal for the purpose of preventing the pillars taking fire, but the 
chambers are found in practice to add to the amount of current. 

Where the air-ways of a mine are of, say 30 feet of sectional area, 
a farnace 7 feet wide and 3% feet high above the bars will, I think, 
approach systematic perfection. The furnace has a limit to its power, 
and when that is reached we pile on coals in vain. In building a far- 
nace, it adds to its efficiency to slant it upward inside the bars, say 1 
foot in 6, until the upcast shaft is reached. 

In the mines of this State the quantity of air moved by a properly 
constructed furnace ranges from 2,000 to 6,000 cubic feet per minute 
for every foot of breadth of fire. The depth of the ventilating shaft, 
its freedom from water, the sizes of the air-courses of the mine, the 
temperature of the outside atmosphere, all combine in determining the 
quantity of air which can be moved through a mine by furnace ventila- 
tion. In winter, as stated in the opening paragraph of this paper, the 
natural forces aid the ventilation, while in summer the natural forces 
oppose the furnace, like a steam-boat going up stream. In deep mines, 
like those in England, the natural current is in the direction of the up- 
east all the year round, because the mine air of deep mines is always 
rarer than the atmosphere on the surface; but, while in summer there 
is no opposing force to overcome, there is little assistance given, the 
temperature of the mine and surface air being so nearly equal in weight. 
In winter the natural forces and the furnace are in proportion to the differ- 
ence of temperature of the mine and surface air. The practical power 
of the furnace is in proportion to the depth of the shaft, the power 
being as the ratio of the depth ; hence, a shaft 400 feet deep will, with 
the same furnace, all other things being equal, move twice as much 
air as a shaft 100 feet deep. This practical fact is not as well under- 
stood as it should be, the common impression being that shallow mines 
move more air than deep ones, with the same ventilative power. Until 
within a few years ago, it was a rare thing to see a roomy, well-con- 
structed furnace in a coal mine in this State, owing to the mistaken 
view of the influence of heated air in shafts. 

Fan-ventilation, on the other hand, is more effective in shallow 
than deep mines, but fan-ventilation has only recently been applied in 
this State, and is not making as rapid headway as could be. wished, 
mainly from the fact that the first cost of the fan is considerably greater 
than that of the furnace, and in drift mines it is as costly at all times, 
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‘ because at drift mines the fan and engine require the attendance 
engineer, as the furnace requires an atteadant. In a shaft mi 
hoisting engineer can attend both engines, which is a saving of ox 
at the mine, besides the saving in the coal required to maintain 
tilating furnace. Whenever furnace ventilation is applied, the ı 
of air is liable to great irregularity by neglect of the furnace man 
the danger of fire, of which we have so many fatal examples, | 
present. Moreover, in mines where the furnace is placed at the I 
of the hoisting shaft, the guides, the ropes, and the timber of th 
are subject to injury from the gases given off by the furnace. Al 
evils are obviated by the fan, in addition to the daily saving 
and attendance. 

The best ventilating fans are constructed on the centrifuga 
ciple, and those of the Waddle, Schiele, and Guibal patterns, as a 
stated, have attained high fame in England and the continental 
of Europe. Guibal’s is preferred to the rest, and is probably tl 











GUIBAL'S FAN 


ventilating fan for the use of coal mines ever invented or applied 
country. This fan has a large diameter, some of those used at th 
and extensive mines in England ranging from 40 to 50 feet. The 
of the fan, eight in number, and 10 feet wide, are inclined bac! 
and the air is discharged through an adjustable shutter into an exp 
chimney 20 feet in height; this fan, although more extensively & 
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| regions of England and continental Europe than all other 
ved, is yet mainly confined in this country to the anthracite 
ennsylvania, because such costly and elaborate arrangements 
ts construction are not required to produce the limited cur- 
r which suffice for our shallower and smaller mines. From 
300,000 cubic feet of air per minute are frequently produced 
f the larger Guibal fans in the mines of England. 

hampion fan, which was introduced into the mining regions 
id other western States a few years ago, gives very satis- 
ults. Wherever this fan has been introduced, mining en- 
| mining bosses declare that they could not be hired to go 
furnace as a ventilating power. 
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' The larger the air-ways of a mine are made the greater the quan 
of air is circulated with the same ventilating power; for the ourrer 
retarded in its progress by the friction which it encounters from rubl 
against the sides, top, and bottom of the air-oourse. As it is 
practicable to have large air-ways, owing to the difficulty and exp 
of maintaining them, it serves the same purpose to split the current 
several parts, which, by reducing the velocity of the parts, redutves 
frictional resistance to which they are exposed, and so, on the wh 
produces a greatly increased current of air, The advantages of split 
air were well illustrated by Mr. John J. Atkinson, Government Ins 
tor of Mines, in.a paper read before the North of England Institui 
Mining Engineers, and published in vol. III of the transactions of 
Institute. 


He shows that with a constant ventilating power, 16,198 cubic 
of air in one column will produce 70,884 oubic feet, in 5 e 
and similar parts; 94,850 cubic feet, in 10 equal and similar pa 
99,722 cubic feet, in 15 equal and similar parts; 101,132 cubic fee 
20 equal and similar parts. 


Owing to the resistance offered by the shafts, says Mr. Atkin 
we dare not have more than a limited number of splits in an 
because, although each split adds to the total quantity of air in circ 
tion, still in each separate split the quantity ultimately becomes 
and less. 





BIRAM’S ANEMOMETER, 
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lan of splitting’ the air is not followed to any extent in the 
his State. The pits are so shallow that it costs less to sink 
shaft at the interior of the workings than to provide any 
ystem of ventilation. 
anner of measuring the current of air circulating in mines is 
speedy. Biram’s and Castello’s anemometers are the instru- 
:neral use. Biram’s 4-inch instrument reading to 100 feet is 
i by mining bosses. The anemometer self-registers the speed 
rent. The vanes are so constructed that they revolve by the 
air impinging upon them. A point is selected in the air- 
re the whole column of air passes ; the instrument is held up 
rent, and its speed is indicated by the rotary motion of the 
1 or pointer of the dial-plate, which réads to single feet. 
ition of the pointer records 100 feet. The instrument is 
d in the air-way a single minute; it indicates, say 340 feet 
,and the air-way is 64 feet high and 9 feet wide; the quantity 
circulation per minute is found by multiplying the speed of 
t by the sectional area of the air-way, which in this case 
19,890 cubic feet of air per minute—the sectional area of the 
being 58% feet, which, multiplied by 340, gives the above 
\is is a current strong enough, if properly distributed, to ven- 
nine in the State. 
ing measurements with the anemometer, an allowance has to 
or the friction of the instrument, which is equal to 17 feet 
, 8 feet per 100 feet, 4 feet per 200 feet, 3 feet per 300 feet, 2 
YO feet. The speed of currents varies from 100 to 400 feet 
: in mines, according to the ventilating power in use. A 
:eeding 400 feet per minute in speed is not desirable ; it blows 
iner’s lamp, and chills his body. Currents of this speed are 
| along the main air-courses of the mine. The complaints 
e trom too strong currents of air are like angels’ visits, few 
ween. 
lo’s anemometer or air-meter is made on the same principle 
It is smaller and more easily injured. Some of these air- 
e a minute sand-glass attached, which is a great convenience 
ccurate measurements. 


G. 
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CASTELLO’S ANEMOMETER. 


Approximate measurements are made by miners by flashing g 
powder, and noting with a watch the speed with which the sm 
moves along the air-way of the mine. A lighted lamp is sometiı 
used, the miner moving along the air-gallery, and keeping the lighi 
a perfectly perpendicular position, noting the time required to pas: 
a given point. Both of these methods are the same in principle. 7 
experiments can only be made along a straight gallery of uniform a: 
The distance measured off is usually from 100 to 200 feet. The lin 
feet of the air-way is ascertained, which, multiplied by 60, the num 
of seconds: in a minute, and divided by the number of seconds of ti 
in which the powder smoke moved or the person traveled the measu 
off distance, gives the amount of cubic feet of air per minute in cir 
lation. 


CHAPTER V. 


By EDWARD Orron. 


THE IRON ORES OF OHIO, 


ED WITH REFERENCE TO THEIR GEOLOGICAL ORDER AND 
GEOGRAPHICAL DISTRIBUTION. 


geological series of Ohio begins with rocks of Lower Silurian 
extends well toward the close of carboniferous time. Iron ore 
in but one of the ten or more leading formations into which 
is divided. 
he Lower Silurian rocks of the State no notable accumulation 
except the sulphide, is found. 
he Clinton limestone of Upper Silurian age, there is a moderate 
rent of the “fossil ore,” for which this formation is famous. 
ton ore has been found in three counties of Southwestern Ohio, 
ıton, Highland and Adams. It has been mined in but one, 
ton, and there but on the smallest scale. A small furnace was 
Todd’s Fork, a few miles northwest of Wilmington, many 
0, upon the outcrop of the Clinton limestone, which carries at 
t a few feet of lean, calcareous ore. The details of the experi- 
ve not been recovered, but it is certain that a little iron was 
| by the furnace in its brief history. It made but a single 


ore is quite in keeping with the general character of this 
us and remarkable deposit. It is a red hematite, sometimes 
g of flattened grains, and sometimes replacing and intermixed 
ighly fossiliferous limestone. Red rocks are as a rule barren 
3, the presence of the salts of iron in water to any considerable 
being fatal to most forms of life, but in the Clinton ore we 
rock abounding in the characteristic fossils of Upper Silurian 
d yet carrying enough red oxide of iron to make it one of the 
ores of the country. 
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The ore of which we are now treating is lean. The rock is, in ft 
a limestone rather than an ore. In Clinton county it is remarka 
rich in fossils; a number of species new to science have been deri‘ 
from the very outcrop which was worked for ore. Among the fos 
that it contains, in addition to the coarser and stronger forme, there 
lace corals in excellent preservation, and crinoidal remains in gr 
profusion. Part of the ore bed is in reality a crinoidal limesto 
These facts are unexplained, but similar facts are found in connect: 
with the ore of this formation through its whole extent, from La 
Ontario to Alabama. 

In the southern part of Highland county, near Sinking Sprin 
and in the adjacent portions of Adams county, a heavier and more pro 
ising outcrop of the ore occurs. Reference is made to it in the Rep 
of Progress for 1870, page 268. Natural exposures of the series : 
found here, which contain beds of ore of fair quality, from 1 to 2 f 
in thickness, but in the absence of exploration, positive conclusions 
to the steadiness and value of the deposits are not warranted. St 
facts as can be observed, suggest a doubt as to their persistency. 
partial analysis of the richer portions of the ore by Professor Worm 
gave the following results: 


Carbonate Of Im u.a 48.00 


Metallic iron................ IE ER SDERIECRELDIEREEEE EEE agedeueed 30.00 
P.horphorie acid nee 1.28 


No great expectations need be entertained as to this ore in Ohio 
a source of iron, but there is a possibility that some valuable beds m 
yet be found. 

In the Niagara limestone of Adams county a small amount of ir 
ore exists. It occurs in depressions upon the upper surface of the lin 
stone, buried in the clays that result from the decomposition of t 
bedded rock. When these clays are removed, masses of a soft limoni 
resembling bog ore in structure, are found. From a single pocket, 8 
10 feet deep, and 12 or 15 feet in diameter, several tons have be 
taken out. The Brush Creek Furnace was built in the valley of t 
same name in the early days of iron manufacture in Ohio, to work the 
newly found deposits. As might be expected from so precarious 
supply, the furnace was soon stopped for want of ore. There is 
reason to believe that this source of iron will ever again be broug 
into use. _ 
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No iron ore occurs in the next succeeding member of the Ohio 
» viz., the Lower Helderberg limestone, nor is any known in either 
Jevonian limestone or the Devonian shale, but springs issuing from 
atter sometimes form considerable deposits of bog ore. In the great 
erly Group of Sub-carboniferous age, more favorable conditions for 
production occur, and we begin to find ore segregating from the 
; and shales in distinct horizons. None of these accumulations, 
ver, is regularly mined in the State, and none, so far as known, has 
been mined, except in occasional trial pits. The seams are at once 
rtain, thin, and of doubtful quality. The only localities where any 
npts are made to obtain ore from the Waverly Group is in the 
ity of the westernmost furnaces of the Hanging Rock district. 
» all horizons that promise supply are tested, and, among others, 
» unlikely sources of iron are occasionally tried. 
The Sub-carboniferous limestone, which is sparingly developed, 
more sparingly worked in Ohio, carries a block ore of approved 
ity on its upper surface, and occasional kidneys of ore in the clays 
e it. This ore has been worked to a small extent in Scioto, Jack- 
ind Perry counties in connection with the limestone which supports 
Wherever the latter has been worked for furnace flux, a little of 
re has been brought out with it, but at the present time other lime- 
:s have entirely supplanted these thin and impure beds of Sub- 
oniferous age. That thé ore is not a strong or persistent body is 
ent from the fact that all production of it ceases with the working 
\e limestone. | 
The Carboniferous Conglomerate that comes next in the scale is an 
bearing horizon, to a limited extent. There is often a sheet of ore 
few inches in thickness intermixed with the pebbles of its upper 
ice. The coarse and worthless ore, once mined at Scioto Furnace 
r the name of the Guinea-fowl ore, belongs to the Conglomerate 
zon, but no valuable deposit has been found in this formation, and 
» is likely to be found. 
The iron ores now mined in Ohio belong without exception to the 
sion next reached in ascending the geological series, viz., the Lower 
Measures. The discussion of this group of ores will occupy the 
ent chapter. Before entering upon it, however, brief mention will 
nade of the two remaining sections of the Ohio scale, viz., the 
‘en Measures and the Upper Coal Measures, which will be treated 
ther. 
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The Barren Measures contain a notable quantity of iron, as 
red color of the heavy beds of shale that form so conspicuous a part 
them indicates, but the same fact points to the diffusion of the iron 
a valueless form. The same general statement can be made. for 
Upper Coal Measures. There is occasional concentration of ore 
connection with limestone and clay deposits throughout the ser 
When the Cambridge limestone, for example, is worked for furn 
flux, a thin plate of good ore is often found to cover it, but the or 
never sought by itself. In some cases there is a blending of ore w 
the earthy limestones of the Freeport or Brush Creek type, which fo: 
beds of several feet in thickness, and which has good weight, but wh 
generally runs so low in iron, and so high in silica as to be with 
value. They seldom reach 30 per cent. of metallic iron. Many attem 
have been made to mine and work these ores, which occur in seve 
distinct and fairly persistent horizons. One of these deposits will 
treated briefly on a subsequent page. 


In one case, at least, a charcoal furnace was built in Southern O 
that was to rely upon one of these voluminous Barren Measure o: 
but the life of the furnace was brief. After a single blast of sh 
duration, the furnace passed into one of the “ picturesque ruins” 
which so many of the charcoal iron furnaces of the Appalachian fi 
have heretofore been doomed to come. One ore of a different ch 
acter that belongs to both the Barren Measures and the Upper C 
Measures deserves to be mentioned here. In the red clays that 
near or that sometimes replace the limestones of these series, nugg 
of red hematite of high grade are often found. They range in ı 
from pellets up to masses weighing 50 or 75 pounds. Being of h 
specific gravity and insoluble, they accumulate in the water-courses ı 
on weathered outerops, and thus suggest a greater abundance of 
than there really is. In only one district of Ohio have they b 
found gathered into anything like a seam that would justify mini 
In one or two townships of Noble county, at a horizon about 150: 
above the Barnesville coal seam (No. 8c) there is a good promis 
deposits that could be worked with profit if transportation were av 
able. The clay that holds the ore is but a few feet in thickness, ı 
the aggregate of the ore makes a respectable part of the entire thi 
ness. 

In most cases, it would require the sifting of many feet of clay 
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secure an average of an inch of ore. The quality is of the 
ie ore will yield 60 per cent. and upwards of metallic iron, 
‚ctically the whole field that these nodules occupy, the quantity 
all to justify working under the present conditions of iron 
ure. This ore, in other words, has no present value, and it 
seem probable that it can ever be profitable to mine it. Each 
rver that comes into the field, however, will be impressed with 
ic excellence, and will need to satisfy himself by independent 
ons that it does not exist in such a condition as to warrant 
efore he will be willing to abandon so promising an addition 
n making materials of Ohio. 

e is not a single seam of ore above the Mahoning sandstone 
gularly mined in Ohio at the present time. 


'ICATION OF THE ORES OF THE LOWER CoAL MEASURES. 


as already been stated, all of the native iron ores of the State 
» turned to present account for furnace use are derived from 
r Coal Measures. One or two trifling exceptions have been 
oted in the cases of the block ore borne by the Sub-carbonif- 
Maxville limestone and the rough ore that caps the conglom- 
‚the statement scarcely requires qualification for such excep- 
hese. 

ores of the Lower Coal Measures were all accumulated under 
general conditions, i. e., as carbonates of iron in the marshes 
ips of the period to which they are referred, but they have 
several distinct forms which afford a convenient basis of 
ion. 

' can be divided into the following groups: 


I. The stratified or mechanically-formed ores. ° 
II. The concretionary or chemically-formed ores. 


first group includes all those ores that bear the marks of 
en accumulated in water, or at least in successively formed, 
| sheets, after the fashion of ordinary sediments. The car- 
iron that they contain has of course had a chemical his- 
ar to that of the same mineral in other ores, but the arrange- 
the carboniferous or shaly matters with which the iron is 
1 is due to stratification. These ores are variously known as 








376 GEOLOGY OF OHIO, 


blackband ores, clayband ores and “ flag” ores. They contain, asa 
a smaller percentage of iron than the other ores of the series, but 
pensation for their poverty is made in whole or in part by their gr 
volume and also by the character of the foreign matter sometimes a 
ated with them, There is often enough carbonaceous matter in the 
to effect the calcination of the ore, and by the expulsion of the 
bonie acid of the ore and by the combustion of the organic n 
of the seam, the proportion of metallic iron is raised from 25 
per cent. In volume, as compared with the other ores of the : 
they may almost be said to give feet for inches, the maximum that 
attain being 19 feet, and the working thickness of large areas risi 
6 feet and over, 

The ores of this class are worked at three or more distinct 
zons of the Lower Coal Measures of Ohio, and are of great ecoı 
importance. 

The second group includes those ores that owe their present 
to the obscure agency to which we give the name of concreti: 
force, a force which is allied to chemical force to this extent, tl 
gathers up and unites the previously scattered atoms of one or 
chemical compounds. Of this group there are three distinct s 
visions, which are named below: 

(a.) Kidney ores. 
(b.) Block ores, 
(c.) Limestone ores. 


The ores in which coneretionary force is most distinctly show 
those known as Kidney Ores. They consist of masses of impure c 
nate of iron, often rudely discoidal or ellipsoidal in form, and a 
bounded by curved surfaces. As a rule, they are composed of co 
tric layers or shells which are made very distinet by weathering. 
sometimes have hollow cavities within, after weathering, and some 
enclose masses of clay. Some of them, however, are crystalli 
their centers, containing calcite or barite, or occasionally sulphi 
zinc. They are generally quite close grained and heavy, when 
good cover. They range in size from an inch to a foot in diaı 
They are distributed in the beds of shale or fire-olay that make 
large and characteristic a portion of the coal measure strata, and 
which their materials have been segregated. Sometimes they are 
ered into distinct horizons, which the miner can easily and econom 
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ad sometimes they are so sparsely distributed that though the 
: amount of ore in a bed of shale or clay is considerable, it 
yay for working. 

juality, these ores hold a good rank. They are often very 
easy to smelt. The weathered kidneys are almost always so. 
eathered masses are frequently too close and stubborn for use 
yal furnaces. They contain from 35 to 50 per cent. of metal- 


re are 5 or 6 pretty well marked horizons of kidney ore, some 
are quite persistent and widespread. 

block ores are so called from the fact that they are found in 
1 and almost continuous sheets of uniform thickness, but these 
> of chemical not mechanical origin. They range in thickness 
or two inches to one or two feet, but the ores that are worked 
ly between 4 and 8 inches in thickness. The separate blocks 
same general structure as the kidney ores last described. 
»w their concretionary origin in the concentric layers that 
ig reveals. These blocks are often fitted to each other like 
ate blocks of a tesselated pavement. 
y bear a peculiar relation to the coal measure limestones. 
exception, the leading block ores of the field are borne by 
estones, or else, the ores seem to replace and substitute them. 
serve to be called limestone ores from this point of view, and 
so called in some localities, but in Ohio, this name is mainly 
for other phases of iron accumulation. 

block ores of our scale are often mellow and excellent. The 
d ores average a little more than 40 per cent. of metallic iron 


re are three chief horizons of these ores, and two of them are 
ly persistent, stretching with the limestones that bear them 
round the field. 

ores that are known as limestone ores present two distinct 
The name is mainly confined to the Hanging Rock district of 
Ohio, where it is applied to one well-known and very valuable 
z., the ore borne by the Ferriferous limestone of the general 
‘he designation “limestone ore” is specific in this portion of 
, being exclusively applied to this seam. The ore overlies the 
, sometimes graduating insensibly into it, and sometimes 
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separate and distinct from it, but lying in close proximity. Abov 
main sheet of ore, kidneys are generally to be found scattered thr 
the clay. A common and very characteristic form of the unalterec 
of this horizon is found in the so-called gray ore. It consists of mi 
grains of carbonate of iron, buried in a silicious clay. This form 
not blend with the limestone. The most valued form of the 
especially for use in charcoal furnaces, is the limonite that has resi 
from the weathering and transformation of the original carbonate. 

A second phase of limestone ore, but not usually recognize 
that name, is the replacement of the buff limestones of the Free 
type with carbonate of iron to a greater or less extent. These ore: 
very uncertain in character, changing from ore to limestone on s 
notice. On their outcrops they are frequently ores of fair grade, w 
under cover they are simply ferruginous limestones. The imp-ure | 
stones of this group are frequently nodular, lying in detached m: 
in their clays, and when these are transformed into limonites as ft 
their iron will allow, they pass for kidney ores, but they do not: 
the same history as the ores to which this name has already 
assigned. 

The ores of the Lower Coal Measures will all be included u 
one or another of the forms now described, but distinct attention | 
be called to a line of facts which has several times, in the course of 
discussion, been mentioned incidentally. These ores, while origi: 
carbonates of iron in every case, have been transformed along | 
lines of outcrop, and often under considerable cover, into hyd: 
peroxides or limonites. In many instances the transformation has | 
very thorough, the form, volume, specific gravity, texture, and col 
the ore being changed in the process. The change is always in the 
of improvement of the quality of the ore. 


GEOLOGICAL ORDER OF THE IRON ORES OF OHI' 


Il. Tue Srratviriz> 228. 


The ores of this list, consisting mainly of blackband, but 
including some clayband and some undescribed forms known by | 
names, belong to the three distinct horizons named below: 
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Freeport coal.— Main blackband horizon. Also, clayband ores. 

feet below Lower Mercer limestone.—Confined to Southern Ohio. 
‘lag ore,” Boggs ore.” | 

. coal.—Blackband ore; mainly in Northern Ohio. 


‘re local deposits of blackband or other stratified ores out- 
» horizons, but no really valuable beds have yet been found 
. Some of these local accumulations will be noticed on 
pages. It is not probable that any persistent horizone of 
ve been missed in the Lower Measures, but we may reason- 
, through accumulating skill, to be able to work at some 
beds that we now reject, and there is good reason, also, to 

many valuable basins of ore remain to be discovered at 
.orizons named above. 


II. 'THE CONCRETIONARY ORES. 


a. The Kidney Ores. 


yres as now worked are derived from the several horizons 
F: 

Freeport limestone—In Southern Ohio. 

Freeport limestone—In Southern Ohio. 

ning shales— Between Kittanning coals. 


rous limestone and Clarion coals. 
a Hill limestone—In Southern Ohio. 


b. The Block Ores. 


s of this class are derived from the several horizons named 


an Hill limestone—In Northern and Central Ohio. 
Mercer limestone. 

‘shales—Between Mercer limestones. 

Mercer limestone. 

le limestone—Sub-carboniferous. 


0. The Limestone Ores. 


1estone ores are referable mainly to one horizon, viz., that 
ferous limestone. There is in reality but one ore from this 
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class that attains any great importance in iron making in 
this one stands at the he.d of the list of all Ohio ores, It is 
‘‘ Limestone ore” in the southern counties, and as the B 
Hocking and Perry counties. Upon it the charcoal iron i 
Ohio has been established and maintained. 

The places of these several ores in the geological scale 
been pointed out. It will be seen that they are distributed | 
the entire Lower Coal Measure series, from bottom to top, b 
at not less than 12 distinct horizons, which are shown below 


Upper Freeport coal. 

Upper Freeport clay. 

Upper Freeport limestone. 

Lower Freeport limestone. 

Kittanning shales. 

Ferriferous limestone—2 or more separate deposits. 
Putnam Hill limestone. 

Upper Mercer limestone. 

Interval between Mercer limestones. 


Above. 
Below. 


Interval between Mercer and Sharon Groups. 
Sharon coal. 


Lower Mercer limestone 


GEOGRAPHICAL DISTRIBUTION OF THE I 
ORES OF OHIO. 


The ores of the first section, viz., the stratified ores, are 
the present time in the seven counties named below: 


Trumbull, Tuscarawas, 
Mahoning, Perry, 
Stark, Scioto. 
Carroll, 


The blackband of the Sharon coal horizon is worked iı 
and Mahoning, and to a trifling extent in Scioto county. 
band of the Upper Freeport coal horizon is worked on a lar 
the four remaining counties of the list. 
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ores are mined at the present time in the seven following 


Columbiana, Jackson, 
Stark, Gallia, 
Tuscarawas, Lawrence. 
Vinton, 


f the first three counties are derived from the Kittanning 
horizons mainly ; those of Vinton and Jackson from the 
Putnam Hill horizons, and those of Gallia and Lawrence 
re Kittanning and Freeport horizons. Mahoning county 
duced a small quantity of Kidney ore from the horizon of 
hales. 

res are now mined in the eleven counties herewith named: 


Mahoning, Hocking, 
Stark, Vinton, 
Tuscarawas, Jackson, 
Muskingum, Scioto, 
Licking, Lawrence. 
Perry, 


oning and Stark, the 


production is very feeble, or has 


ased. It was based on the ores borne by the two Mercer 
am Hill limestones, respectively. Tuscarawas, Muskingum 
r rely on the same sources. The Putnam Hill horizon 
nish a block ore beyond the last-named limit. Perry and 
nties mine only the Lower Mercer block ores ; Vinton, Jack- 
to depend on the three Mercer horizons, to which Jackson 
1g amount of block ore from the sub-carboniferous horizon. 
nakes use of a considerable quantity from the Mercer 


iestone ore is mined on a large scale in the first four coun- 
elow. In the last two the production is less important: 


Lawrence, Vinton, 
Gallia, Hocking, 
Jackson, Perry. 


these statements it will be seen that iron ore is now mined 
ies of Ohio at the 12 distinct horizons named above. 
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The names of the counties are appended in order, from 
south : 


Trumbull, Perry, 
Mahoning, Hocking, 
Stark, Vinton, 
Columbiana, ‘Jackson, 
Carroll, Gallia, 
Tuscarawas, Scioto, 
Muskingum, Lawrence. 
Licking, 


A brief review of these several counties named in the ' 
lists will now be made with reference to their supplies and p 
of ore. 


1. Ison Ores oF TRUMBULL AND MAHONING CouN" 


The only ore of these counties that possesses any prese 
tance is the blackband of Mineral Ridge and vicinity. The ; 
relations of this seam have already been shown on page I 
present volume. The facts pertaining to its discovery, and 
use in furnaces are also given in chapter IV, p. 320. 

The field in which it occurs is quite limited, and the depo 
verging to exhaustion. The facts in regard to its mode of o 
and general conditions are well known, and it has not therefo: 
incumbent upon the present survey to spend time upon this de 

An analysis by Wormley, representing the general charac 
ore, is repeated here from volume III: 


Bheciäc gravily an eekaee 


Volatıla matter sau... 
Silicious matter ...... Seishin Sins ies Gis aie Sas nlsieeig Ce awewbvbwenssuuesoeddeees eaemaaaeuess 
Carbonate Of On. eursencee 
Sesquioxide Of irom ............ceccccccscscvcecceces cccccece EEE ES DEUB SUPER 
PVE ce ee ee 1 
OxidG Of MON GANONG u... een 
Phosphats.0f lime au... seed 
Carbonate of lime.....essssneessssonnenenonnensnnnnnssnnensnnnonsonsnnsan 40008 senees ms 
Carbonate of magnesia ...........ccccccscscsesccccccsenccccescesccccecsesccccscccs 2 
Bulphur wsicciaccevawanniancedconeunvesstenbomeenwesesbihedsovencseneraces savonuaseoesanade = 


Metallic Honnef 
Phosphorie acid naar I 
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e analysts was also made for the survey. The sample came 
on Henry mine, of Austintown township : 


18 OF MınzrAL Rınaz BLACKBAND.—JOHN Henry Ming. (Lord.) 


ee ee een 7.15 
UN OR 1G ern 31.26 
phide anne dates tons 2.52 
nee ee Renee 4.62 
EN ONNEOEe PEUENIRERBRERN 1.36 
Be een 1.31 
F PRON GATORS are 0.55 
DING ACH near 0.33 
RE EEE ER EIEPOBFEEEESBEROFERECTERFSERSEUUSTTONTEETTSERUEESLUUPERTHENENE „ 1.44 
and combustible matter .........cccosescscssessesssccccssececsscosscess 47.56 
EEE UELI ETELTTPEULER SCORE OSRECBELDEEERE 1.85 
99.95 
PROD nn eine 24.40 
DIEB au een, wre een een 0.145 
EEE EINE EEONTEUES SER SUREDUERNNEE 1.44 


ll amount of block ore has been mined in Mahoning county 
st, at the horizon of the Lower Mercer limestone. It has 
ed chiefly from Austintown, along the line of the Niles and 
ı Railroad. The block is thin, but the quality, as usual, is 
re is no present nor prospective importance to this seam in 
of the State. 


me remarks will apply to the kidney ore of the Sharon shale 
t has been mined at a number of points in the Mahoning 
’rmer years, but little or none of it is now taken. 


n-making industry of the Mahoning Valley was established 
tk coal that is found here, the character of which fits it for 
urnace in the raw state. In the earlier days of the furnaces 
nt was made of the thin seams of native ore that are avail- 
he seams already named were brought into use at that time, 
ative coal and native ore have of late been supplanted by 
ls. Connelsville coke and Lake Superior ores are the almost 
idence of the Mahoning Valley furnaces to-day. | 
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2. Iron Ores or CoLUMBIANA Cot®nry. 


The ore production of Columbiana county stands by itself 
the mining interests of the State. Not a pound of ore is taken d 
from the horizons that supply it, but the ore mining of the co 
altogether placer mining. The gravel beds that fill the valley 
Middle Fork of Little Beaver constitute the present availab 
deposits of the county. These gravel beds are dug over and 
and the ore is selected from the other materials by hand picking. 

The ores of this county all belong to the class of kidne 
They are chiefly derived from two horizons, but additions ar 
from two others, to a small extent. The main horizons are | 
Kittanning shales, 7. e., the shales between the Middle and 
Kittanning coals, and (2) the Ferriferous limestone. The sub 
sources are scattering kidneys that are found with or near the Fı 
limestones, both of which are well developed in the county. 

These horizons can be arranged in tabular form, as follows: 


Upper Freeport limestone. 

Interval ra... een 80 to 50 fee 
Lower Freeport limestone. 

Interval.2.:..:a ee a MR NO IE HEUNE 70 to 90 fee 
Kittanning shales. 

Interval u. see ee nern 25 to 40 fee 


Ferriferous limestone—Coal No. 8 at Leetonia. 


The two main horizons will be recognized as among th 
important and widely extended sources of ore in the Lower Coal 
ures. The first named is in fact the largest source of kidney ore 
State. It produces the “ shell ore” of Tuscarawas and Stark co 
the Snow Fork kidney of the Hocking Valley, the Black kid 
Lawrence county, and the Red kidney of Northern Kentucky. 
second horizon is by all odds the most important single source < 
in the Lower Coal Measures. It is the Clarion and Wampum 
Western Pennsylvania, on which the old charcoal iron manufac 
that State was based. It is the limestone ore of the Hanging 
district, and the Baird ore of the Hocking Valley, on which th 
coal iron manufacture of Ohio was and is almost entirely depe 
In both Pennsylvania and Ohio, however, the ore derived fro 
source is no longer confined to charcoal iron-making, but it has b 
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ıt factor in the supply of the stone-coal furnaces of the last 


re does not exist in characteristic form in Columbiana county. 
one, it will be remembered, is itself weak and often wanting 
trict, but the iron which belongs to the horizon does not fail. 
which it takes has been modified by the absence of the lime- 
instead of segregating at one definite line, viz., the surface 
estone, and thus forming a “ limestone ore,” it is diffused in 
ften of large size, through a number of feet of shale. These 
idneys it would not repay the miner to follow in their native 
when accumulated and concentrated in the valley deposits 
ishion of other placer deposits, it has been found economically 
» reclaim them for furnace use. A considerable part of the 
a county ores, it will thus be seen, belongs to the Ferriferous 
horizon. 
idneys between the Kittanning coals are gathered into a more 
jrizon, and it may be possible to find localities in the county 
they can be worked with profit in their native beds, as in ad- 
unties. So far, however, no such accumulations have been 
‚nd their whole production is confined to the placer accumula- 
e valley of the Middle Fork. 
pre exists in all cases as weathered ore. The crust, at least, 
kidneys has been converted into limonite by atmospheric 
These ores are within reach of such agencies in the valley 
vhich are freely permeable, and it is also quite possible that a 
: process of oxydation was carried on before the kidneys were 
re. These accumulations stand for the work of ages, the 
locks having been mined vut by the erosive agencies of the 
treams through many thousands of years. Even if the work 
lation should be limited to the time that has elapsed since the 
och, a vast period would be available for this history, but 
3 not appear to be sufficient reason for restricting the work to 
al time. 
believed that the best of these supplies has already been taken. 
creage is exhausted, and no considerable territory remains to 
d, at least under the same favorable conditions that have been 
herto. The excavations are carried as low as 20 feet in 


G. 
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extreme cases. Generally they do not go down more than hi 
distance. 


The field already worked lies along the West Fork Valley 
little below. Teegarden’s Mills as far south as Elkton. The x 
territory has proved the best. It was not found possible to det 
the percentage of yield in the worked deposits, nor to refer the | 
as they occur to their several sources. Both these questions a 
answers, but the answere would require more time than was av: 

The character of the ore is excellent, as is to be expected fr 
horizons to which it belongs. Its use has been mainly confined 
Leetonia furnaces. 


3. Iron ORES OF STARK, CARROLL AND TuscaRAWAS Col 


Three varieties of ore, viz., blackband, kidney and bloc! 
been already shown to be mined in the area now to be considered 
order in which they are named is the order of their importance, | 
first is the great center of interest and value, and the last is of 
nificant proportions, and moreover is mined only in one of th 
counties named, viz., Tuscarawas. 


a. Blackband and Mountain Ore. 


The blackband ore of this area is the most important so 
iron in Northern Ohio. It is the second ore in general value 
State, ranking below the limestone ore of the Hanging Rock 
alone in this respect. With the last-named ore it disagrees in 
every particular of geological occurrence. The limestone ore 
steady and persistent, covering hundreds of square miles almc 
tinuously with its thin but excellent sheet. The blackband is ex: 
capricious in its occurrence, and treacherous in its developme 
forms the cap of scarcely more than 50 hills, scattered throug 
counties, and in these hills it ranges from a maximum of 19 feet 1 
an acre or two being often sufficient to accomplish the whole r 
changes. 

Throughout this field it everywhere deserves its name of 
band. There is almost always a foot or two of coal, generally | 
quality, underlying it, and thin streaks of coal generally extend t 
the ore itself. But whether coal is present. in the body of the 
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naceous matter is never wanting. There is nearly enough of 
nce generally to calcine the ore. The ore is consequently 
ok, or at least dark in color. Its specific gravity for the same 
ght for an iron ore, ranging generally from 2.3 to 2.5. When 
he figure that represents its gravity is nearly a unit higher 
sures above given. The banded structure is very distinct in 
8 of the ore, as much so as in ordinary bituminous shales. %, . 
“aw ore ranges from 20 to 30 per cent. in metallic iron, the 
re from 45 to 55 per cent. 
e the blackband proper there are frequently found other large 
ions of ore, which by strict classification would need to be 
in other divisions, but which can be dealt with to best ad- 
the present connection. The mountain ore, so-called, is one 
rms of limestone ore to which attention has already been 
vhere carbonate of iron replaces locally the carbonate of lime 
um of the Freeport type. Many kidneys of ore also occur at 
reneral level. | 
zeological place of tne blackband has already been assigned 
1). Itis borne by and is part of the Upper Freeport coal seam. 
d only on the outer margin or outcrop of the formation, thus 
h notable accumulations of iron can often be found with 
is it descends towards drainage. This marginal development 
> needs to be distinctly recognized. The usual element to 
refer in establishing the sections in which the blackband 
the Middle Kittanning coal, or No. 6 of Tuscarawas county. 
from this, the average interval is about 125 to 130 feet. The 
intervals in different portions of ‘the field are as follows: 
14 ft., 117 ft., 118 ft., 120 ft., 120 ft., 125 ft., 130 ft., 132 ft., 
5 ft., 147 ft., 148 ft. and 150 ft. In no single case does the 
ill to 100 feet. A difference of 20 feet can often be found for 
»f the ore itself in different portions of the same basin. The 
ally lies on an uneven floor, and frequently in well-defined 
limited basins. 


first display of blackband as we enter this district from the 
north is found in the northeastern corner of Osnaburg town- 
map on page 65). An area of small extent, perhaps not an 
und capping a hill with not a dozen feet of cover at the highest 
, is owned and worked by the Grafton Iron Company, of Lee- 
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tonia. The ore has a maximum thickness of 14 feet. Coaly s 
are distributed through the whole mass. Much of it is consid 
weathered, and it splits into thin lamina, but the whole seam ig 
for furnace use, and taken at the present time without calcination, 
used raw in the furnace. The deposit is nearly exhausted. The 
val from the Middle Kittanning coal to the blackband is here 11 
as obtained by a single measurement. A single analysis giv 


following result: 


BLACKBAND FROM GRAFTON IRON Company’s MINE—-OSNABURG TownsHip. (A 
or 15 Feet.) (Lord.) 





Silica WOUUHHHHHHHEEEPPPRPUPRREFERBORSEREETTERSLLEERTELTTTIE I BE BELLE I 221 U 2222220022225 13.2 
Iron protoxide........ lassen BENNO 1.8 
Iron gesquioxide z...crenenenonn snnnnnnennnennnnen nennen teens 41.0 
Aluminasceeeeeen seceeenn sennnnnnnsnenerenesnnnennssnssnens ceases nennen essen nennen 7.9 
Manganese OXide......scesssesees nennen stseseverseseereenensane ceseesesrsersenees 1.4 
Lime .....cccesesecsecssssccesceees scenes ceeoescescennessenrransscaes cossesanarssovensoes 2.0 
Magnesia ...... een een ses een . 086 
Carbonic acid z......cnneeeneneennnenennnsnnnsene nennen eaten nenn . 84 
Phosphoric ACIC ....ccsccscscccccesesssccesccerscecenesssseecancee sesececee sensesnes aes 1.3 
Sulphur ......neeeeeee coves seseecenersenececeeseessesrsanansenconse een 0.1 
Water and organic matter .........sssessesssrreereeseeneenrsrcesees senerees eee 25.2 
MOiStUre......-00:cccecccessccscncsecsssscas nenne sense nenn renee see 2.1 

100.5 
Metallic irom. .cc.s0-ccccccesssossenseeceonsoenetessstansconenenes anne nn ennnn name 30.1 
Phospborüuß....... nennen een en 0.5 
Sulphur .......--sseseeeee AUHPEHFFEREEREPFPUERFERFEEFRFPEREEPRRRLTEREOLERTLERTELELTT. 0.1 


A small area has already been entirely worked out by the I 
Ridgway Company, of Massillon, from the intersection of sectic 
12, 13 and 14, on a farm now owned by Thomas Tinkler. The maz 
thickness of the ore, as reported by Mr. Tinkler, who euperint 
the mining, was 18 feet and 11 inches. This is the highest m 
recorded in the field. This body was also without cover, and the 
hill top was carried away in the workings. 

In Paris township, north of Roberteville, three small deposit 
been worked for a number of years, at intervals. The ore do 
rank as high in these areas as at some other points. The ore hi 
known as the McNutt, Wolf, and Shull banks, respectively. 
combined acreage is small. A considerable body of the ore is st. 


in these deposits. 
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andy township, of Stark county, no valuable beds of the ore 
been discovered. The horizon is very clearly displayed at 
ints, and on several farms the Upper Freeport coa! has been 
n a small scale. On the land of David Stull, for example, on 
side of the township, a large body of lean ore. overlying the 
reeport coal, was mined and calcined many years ago, but the 
pronounced unfit for iron manufacture, and it still lies in the 
everal other attempts have been made to find the ore in this 
but, though several banks have been opened, none of them 
jhed ore of proper quality. 
r fortune has attended the development of this horizon in the 
township of Rose, in Carroll county. Three separate but 
yntiguous hills have been found to hold blackband ore of fair 
They are situated on the Rhinehart, Creighton, and New- 
rmerly Gibler) farms, respectively, and are all embraced in 
The interval from the Middle Kittanning coal, which is 
the foot of the hills in which the ore banks are found, is 130 
e Rhinehart farm, and 147 feet for the Creighton farm. The 
: bank has been entirely worked out. A little ore is left in . 
areas. At the Newhouse bank it is 3% feet thick Consider- 
has been mined here, but it was pronounced too lean, and was 
tly abandoned. Samples were taken from this rejected ore 
| analysis, the result of which is given below: 


ANALYsIs or NEwmoUSsE BLACKBAND. (Lord.) 


IRB SUR IERUER nennen 12.00 
TG TP OM een 25.65 
PONG cies atlas esses recat arwaveeieyesacasnessisernen case eee aoe es „ 0.157 
NN ARE  EERCHUERR EB ERLNORRRNEDE 0.46 


figures show an excellent ore, that ought to be handled with 
any furnace that is using blackband. There is certainly 
the analysis to justify the discarding of the ore. It is quite 
average of blackbands in metallic iron, and it is much lower 
an most ores of this class. The only question is whether the 
irly represent the bank. They were taken with this specific 
m the piles that were mined, but never removed from the ore 
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The next deposits of ore in following southwestward are fou 
Tuscarawas county. This county is, by way of excellence, the b 
band field of the State, and the seam is generally and justly kno 
the Tuscarawas blackband. 

The map of the county that appears on page 257 indicate 
positions of all the ore hills of the county. The observations al 
recorded in Stark and Carroll counties can be combined with th 
show the area occupied by the seam (see map on page 65). = It i: 
fined in its characteristic development, according to present know! 
to the townships of Osnaburg, Paris and Sandy, of Stark county ; 
of Carroll county ; and Sandy, Fairfield, Dover, York, Auburn, Jeff 
Salem and Oxford, of Tuscarawas county. A line drawn fror 
northeast corner of Osnaburg township to the northeast corn 
Auburn township would mark approximately the western outcı 
the ore for the first portion of its extent. Such a line would be. 
25 miles in length, and its direction would be nearly southwest. 
the northeast corner of Auburn township, the field is continued | 
southward, but the direction of its axis is abruptly changed. / 
running from this point due south, and 20 miles in length, will 
the approximate western outcrop of the field in this direction. In 
portions, a breadth of 6 miles, at right angles to the line of w 
outcrop, will reach every ore hill. The greatest developments « 
ore are found in Auburn, Jefferson and Oxford townships, and 
are represented in a subsidiary map which will presently appear. 

Returning to the northern boundary of Tuscarawas county w 
but little land in Sandy township high enough to receive the or 
on at least one of these few points the ore is reported. On the 
of Wm. Gordon, one mile east of Mineral Point, the coal of the 
-is 20 inches thick, and the blackband is developed also to some e 
As to its quality and quantity, there are conflicting statements. 
hill has been sold or leased as an ore property, but the contract i 
before the courts. | 

In Fairfield township two bodies of blackband are being mii 
the present time, but a number of separate areas have already be 
hausted, the credit for the discovery and first use of the ore belo 
to this township (see vol. III, page 77). 

The two tracts now furnishing ore are the Labb hill, nea 
Station, and the Kelly farm, a little more than 2 miles south 
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The ore of the first is mined and used by the Tuscarawas Coal 
Company, of Dover; the Kelly ore is mined by a company 
sillon. This mine is under heavy cover, and the ore is wrought 
by regular methods. The seam ranges from 3 to 8 feet in 
‚ and the probable average is 5 feet. It is in all respects a 
- of ore. It has been necessary thus far to follow the seam 
: line of dip, and consequently the workings are constantly 
with water. Both blackband and mountain ore are yielded 
ine, the proportions being two of blackband to one of mountain 
2 Riggle Hill, near by, has been entirely exhausted. 
nsive stripping has been done on the Labb farm, the height 
ink sometimes reaching 25 feet, but part of the ore is also 
drifting. There is not a large body of the ore left. _ 
possible blackband territory of the township is quite extensive, 
igh considerable exploration has been carried on by the drill 
wise, it is not necessary to believe that the ore is all known at 
nt time. = 
two small tracts of blackband are known in Dover township. 
not a large amount of land in the town that is high enough to 
ore. 
ile south of Zoar Station, and nearly opposite to the Labb hill 
lescribed, the Tuscarawas Coal and Iron Company, of Dover, 
all tract of blackband that has not been fully developed. No 
done in this seam in Dover township at the present time. 
two townships south and southwest of Dover, viz., Auburn 
, contain, or rather have contained, some of the noblest bodies 
the whole blackband field, but the ore has been chiefly mined 
York, all operations here having ceased. From Auburn, also, 
ıantity has been taken, but a considerable acreage still remains, 
vork of mining is going forward. 
chief banks in York township were the Bear hill, in lot 32, 
the Burkholder hill, lots 12 and 13, N. W. 4; Winkler’s and 
lls, section 16, and lots 5 and 6, N. W. 4. 
iderable ore has been left in all of these deposits, but generally 
» condition that it can not be recovered with advantage. The 
orkings were without system, and were consequently wasteful. 
-e is still an area which is supposed to hold the ore, on lots 30, 
35. It is high enough, and surface indications are counted 
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famous hills contain the known supply of Auburn township, 
eller hill, the Shaw hill, and the Lahmer hill. All these are 
the accompanying map of “ Blackband Deposits,” section C. 
eller hill contains an aggregate of perhaps 160 acres of black- 
tory. Not less than six separate mining properties are 
on it. They are named as follows: Beitzel’s, Reif’s, and 
n the north side ; Catcott’s, Beller’s, and Rock Island, on the 
these the Beitzel and the Beller workings are nearly ex- 
All the rest hold large bodies of ore. 

Jlackband and mountain ore occur here in their characteristic 
ey play fast and loose with the seam, and it is hard to 
1e proportions of each. The aggregate often reaches 8 feet, 
imes 10 feet. The ore is not worked below 2 feet, as a rale. 
mined by system, in drifts, at the present time. About 2 feet 
expected with the ore. As much of it as is necessary for 
he ore is brought out of the mine. A tram road runs from 
Blackband Station, on the Wheeling and Lake Erie Railroad. 
‘9m this region has been taken thus far by the Dover and 
urnaces. 

haw hill is nearly exhausted, and needs no further mention. 
tion 19, there is an area on which blackband ore is believed 
ersons to occur, but it has not yet been proved to be present 


istance from the Middle Kittanning coal (No. 6) to the black- 
1i8 region is 120 feet, as shown by a single measurement on 
hill. 

are more ore hills in Jefferson township than in any other 
f the blackband field. The dividing ridge between Stone 

Oldtown Creek, in particular, originally held the largest 
body of ore that we know at this horizon. Erosion has 
t into 8 distinct tracts at the present day. The Upper Free- 
ıppears in all of these sections in fair condition. Its quality 
ran in the townships already reported. It seldom exceeds 
hickness, however, and often falls to 2 feet. The ore alter- 
een blackband and mountain ore, and considerable nodular 
pre is found in the overlying shales. 
of the more promising territory has already been exhausted, 
re still large bodies of ore. | 
Baker, in lot 30, holds an undeveloped tract in which the 
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mountain ore, at least, is good. The coal below is also in goo 
tion. David Maughermann, in section 21, has 34 feet of blackbı 
a large amount of kidney ore in the shales above the blackbanc 

The Harmon and Keffer hill, in section 10, has also 33 feet 
ore. This is now worked for the Dover Furnace. The underly 
ranges from 24 to 30 inches in thickness. There is also nod 
above the blackband. 

In section 19, the Kutcher hill is also counted as blackba: 
tory, but is not now worked. In the same section, another de] 
been mainly worked out. 

The Rhinehart deposit is limited in area, and is not now 
The Millhofer hill, in section 16, is mainly exhausted. The 
hill, in lot 36, contains but a small deposit of ore. 

On Benjamin Schwab’s farm, near Phillipsburg, good ore | 
taken by drifting. Quite a large amount has been producec 
bank. Te 

The Meese hill has aleo a valuable bed of the ore, 33 to. 
thickness, underlain by 2 to 2% feet of coal. The seam was min 
largely by the Glasgow Furnace when it was in operation. 

This completes the list of the main banks of the townshi 
as they are at present known, but the coal ot this horizon hold: 
area in addition to the hills above reported, and it is almost cer 
many other bodies of ore will be hereafter found in connection 
Perhaps the heavier deposits have been mainly brought to light 
but thinner sheets can certainly be worked to profit in connect 
the coal that underlies them, if not now, at a future day. 

In Salem township six ore hills are known. 

The most northerly of them is the Arth hill, in section 
ore has not been mined here, but it is known to be present. I 
nected with the Rhinehart hill, of Jefferson township, in w 
mountain ore predominates. It is therefore probable that this 
the ore will be found in the Arth farm. © | 

The Yackell hill, in section 2, is one of the best-known I 
ore in the township. It is worked by the Burton-Ridgway ( 
of Massillon. The ore is genuine blackband throughout, and it 
a maximum of 9 feet in thickness. The quality is fully approve 
the ore thus far has been taken by stripping, but drifts will 
required to reach the remainder. A large amount of kidney or 
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stripping, none of which will be reached in drift mines. A 
connects the mine with the railroad, 4 mile distant. The 
coal is 22 inches thick, and quite sulphurous. 

tions 5 and 6, the Everhart hill has produced quite a large 
ore for the Glasgow furnace. The haul was a long one, how- 
the mine was thus at a great disadvantage. The ore was 
in all respects. The Wiandt hill, in section 14, is nearly ex- 
[ts ore was taken by the Glasgow furnace. 

_ 8. Dye ore hills were owned by the Glasgow Furnace Com- 
ere are two of them, and, as the map indicates, they are the 
its of this kind within a radius of several miles. The ore is 
best in these banks, but it holds well in thickness, ranging 
11 feet. The underlying coal is 2 feet thick and sulphurous. 
ocality has been rendered famous by the most expensive iron- 
ant yet made in the State, with one or two exceptions. 
ital was brought in for the erection of two large blast-fur- 
h were furnished with the most approved equipment in every 


urnaces were located between two railroads, but at such 
‘om each as to make a wagon haul impracticable. A branch 
run from one of the railroads to the furnaces. 

itural water supply of the furnace site was entirely inadequate, 
ck for the furnace was finally pumped from the Tuscarawas 
nile distant, and 100 feet or so below. The furnace lands 
al that could by any possibility furnish an iron-making fuel, 
ad no limestone of any sort. Two small tracts of blackband 
tary to the furnace, but aside from these, no ore was within 
pt as it was brought by rail or by a long wagon haul. Not 
ne supply thus restricted, but the ore of the furnace tract is 
ve been inferior in quality to that of many of the banks of 


ilure that was foreordained for a furnace without ore, or fuel, 
r water, or railroad facilities, was not long in coming, and 
rcely one stone now left upon another to mark the site where 
a million dollars was so unwisely placed that it could not by 
lity return profit to its investors. 

ext deposit of blackband, and the last in the Tuscdrawas 
ınd in the southeast corner of Oxford township, on the head 
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waters of Bird’s Run. The ore is hauled out to the railroa« 
Boy Station, and is consequently known to many as Post Boy oı 
basin was originally one of the largest of the field, as will be 
inspection of the map (see page 392). Bird’s Run and its min 
taries have dissected it into ten separate but closely contigu 
ments, | 
The general thickness of the ore, so far as it has bee 
ranges between 5 and 6 feet. It is not as rich in iron as so: 
bodies of the blackband, but it is highly approved in use. TI 
Furnace Company owns a large tract of it, and most of the re 
belongs to John Booth. 

The interval between the Middle Kittanning coal (No. 6) 
blackband, at this point, is 143 feet, as shown in a single meas 

The average composition of the ore of the Bird Run field 
in the following analysis: 


Bırp Run BLACKBAND—JOHN BootH’s Mine. (Lord.) 


DICE nenne 1 
Tron sesquioxide ................ es Ban aa REEL er 
TRON CET DONG einen aan nenne Sean 5 
Alumina.. ss En Eier 
Tame CAF DONALC sa. ans unurn = 
Marnesia carbonale un... a 
Oxide of MANGANEBE..........ccccccccverccccccccees eesccccce veces Geet eher eo 
SülpDur cn ee 
POS PHOTIC a0... sonen 
Volatile and combustible matter................esessesonnenononensnoonsnnen: . iI 
Moisture .......0.cccsescseeee ERS SHRRERIEN KENN PEBEEERO EI SEDINe a 
Total cis ssacea seteeaeesscecesaipncuneedsdoeveusvevsesel paeevacveus seen canees 10 
Metallic WON... 2 
Phosphor... sen. | 
Sülphür ..us.steneeuennn nee 


The blackband deposit does not end abruptly with the Tu 
county line, but through northern Guernsey county, there is 
probability of more or less carbonate of iron being found a 
Upper Freeport coal. These deposits have been examined in a 
of instances-by explorers for iron ore, but no valuable beds 
been found. 
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are several heavy layers over Steele and Lanfesty’s coal on 
farm, near Cassell’s Station. Analysis shows the following 
L: | 


IALE OVER Upper Freeport Coat AT Casseiu’s Station. (Lord.) 


Fee RER CEST EN UREDRERASEINOUDERSEFEEURERENEREN 85.84 
de 08. TON ee ee eiveng weseutesasannieesecavenk 77 
PETG OL TON eier 17.15 
6 iN EEE IR NUN EEE EEE INEEE CH: BREUER UUEEENINEHEUERGEBSCEN „ 12.60 
FOETUS ie nee ee ie 0.166 
Bee er een 18.02 


posit has no value unless as a possible source of sulphur. 
eady stated, the blackband carries enough carbonaceous 
effect its own calcination when properly ignited. The chief 
n calcining it, in fact, arises from excess of fuel. A tough 
e silicate of iron often forme into an “iron hat” near the 
ace of the kiln, when the heat has been brought to too high 
This covering is sometimes 12 to 18 inches thick, and very 
lodge or break through, and an extensive crust of it detracts 
from the value of a kiln. ) 

for calcining the blackband are generally made 120x30x7 
height of the kiln must be proportioned to the amount of 
us matter in the ore. Too high a heat, together with an in- 
ıpply of air, leads to the formation of the “iron hat” already 
Xilns require 3 or 4 months’ time for burning, and after 
ignited, demand but little care. Each kiln yields about 
fcaleined ore, which overruns 50 per cent. in metallic iron. 
rice for the raw ore in the hill usually ranges between 20 
is per ton. 

ompletes the account of the Tuscarawas blackband field. No 
s of new territory have been attempted, but the sole aim of 
survey has been to indicate the present state of development 
1. The.maps of the leading areas appear here for the first 
es also the general blackband area of the county (page 257). 
many additions will be made to the tracts already known, 
robable that the larger bodies have been already struck, as a 
of intelligent and expensive proving has been carried on 
last 10 or 15 years throughout the available territory. 
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Among those most prominent in these explorations, Mr. 
helmi, of Dover, the Dover Furnace Company, and the Ridgway 
Company, of Massillon, deserve special mention. 


b. Kidney Ores. 


The kidney and block ores of the counties now under co 
tion remain to be briefly noticed. They are limited to the two c 
Stark and Tuscarawas, and almost exclusively to the latter. 

The kidney ores will be first treated. Mention has been 
made of the occurrence of many nodules and kidneys in th 
above the blackband, which are often mined with the latter. 
require no further notice, and only one horizon needs to be nar 
further source of kidney ore in this district. The Kittanning 
or the 20 to 40 feet of clay and shale that separate the Lo 
. Middle Kittanning coals, have already been shown to be a chie! 

tory of kidney ore in the territory to the southeast of thi 
“placer” mines of the Little Beaver Valley have obtained most 
ore from this source, as has been stated. But the same stratun 
even richer in ore as it is followed to the westward. At least | 
neys are gathered here into a distinct seam that justifies min 
small scale. 

The ore is known in Tuscarawas county as shell ore. Its 
immediately under the thin seam of coal that comes into the 
locally, midway of the Kittanning shales. This leaves the o 
20 feet above the Lower Kittanning coal (No. 5), and about t 
distance below the upper seam (No. 6). The ore occupies 4 « 
of white and purplish clay, and will aggregate 12 to 18 inches i 
ness. In quality it is excellent, only the mellow and aerated 
having been reached thus far in the simple style of mining f 
All the ore that has yet been dug, has come from the shallow 
cut down around the edges of the hills. It is only in the neigh 
of the furnaces, and along the lines of the railroads, that mii 
been carried even as far as this. It is not known that a single « 
ever been carried under the hills in pursuit of the kidney ore. 

| This horizon can scarcely maintain itself in present com 
with the blackband hills where ‘nothing less than 2 feet of ore is 
mineable, and where the average of entire acres will exceed 5 | 
it is well to remember that the kidney ore is here, and that its ag 
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unty vastly exceeds the more conspicuous source which the 
aps of 40 or 50 separate hills, scattered through 100 or more 
les of territory, contain. Small supplies can be continued to 
aces for a long while to come. 


c. Block Ores. 


block ores of the district can be dismissed with even briefer 
There are three sources of them—the two Mercer limestones 
Putnam Hill limestone. A fourth source must be added for a. 
ities in Tuscarawas county, viz., the shales immediately above 
r Kittanning coal (Coal No. 5). In the vicinity of Dover, 
as been taken in considerable amount in connection with the 
h it overlies but a single foot. It is 3 inches thick, is blue 
grained, but is well esteemed. Of course, it would not be 
and for itself. It is called the blue block ore. 
same statements apply to the other block ores. They have 
n out in but very small quantity, except as an incidental pro- 
he mining of the limestones for furnace flux. As the lime- 
2 reached altogether by benching or stripping, nothing but 
| ore is ever met, and this fact helps to give the block ores an 
name where they are used. 
ron ores are mined in Coshocton or Holmes counties, though 
f the seams already named have a fair development here. If 
had been established at any convenient point, there is no 
doubt that the usual and persistent horizons of both block 
y ores would have been found present in more or less of the 


BLACKBAND OF HOLMES County. 


etter place will be found for a brief account of a stratum in- 
this general district that has provoked a good deal of dis- 
ithin the last few years. It was first described by the late 
E. B. Andrews in a report of an examination of the then 
line of the Cleveland, Canton, Coshocton and Straitsville 
yompany, now the Coshocton branch of the Connotton Valley 
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The stratum in question is a so-called blackband deposit 
diately over the Lower Kittanning coal (No. 5), occurring 
points in German township, in Holmes county, and perhaps 
contiguous territory. Professor Andrews describes it as follow: 


“Quite to my surprise, I found very large deposits of bl: 
over coal No. 5. At one point, where coals No. 6 and No. 5: 
well exposed, the shales between the two seams, here 18 to 20 fe 
are very thickly studded with large nodular masses of ore, a 
dreds of tons were exposed in the immediate neighborhood. B 
mile away, we find 10 feet or more of the black bituminous sh 
No. 5 so largely charged with iron in even diffusion as to con 
blackband ore. . . North about a mile and a half is ane 
and elevated ridge where the exposed blackband over No. 5 i: 
thick. It is of equal thickness at another exposure in the sar 
about a mile further north. About 24 miles in a northwest c 
from the last-mentioned point is another exposure where the bl 
ore is equally thick, 7 feet 6 inches being in sight, with proba 
siderably more below.” | 

Analyses were made of two of these deposits, one of the 
being supposed to cover 7 feet 6 inches of ore, and the other 
inches. The samples yielded of metallic iron, 27.32 and 22.62 p 
respectively. These figures place the ores, as Professor Andre\ 
remarked, on a level with the Tuscarawas blackband. 


The table of analyses is given herewith from Professor A 
report : 

‘“] give, in the following table, the results of the analyses 
ores over coal No. 5, and also of the blackband over No. 7, fr 
carawas county, copied from the Ohio Geological Reports. 
analyses were by Prof. Wormley. 


The analyses show that the blackband ores over coa 
are of excellent quality, and compare favorably with the famou 
band ores over coal No. 7, in Tuscarawas county.” 


No. 1. Blackband over coal No. 5. 
No. 2. Blackband over coal No. 5. 
Nos. 8, 4, 5 and 6, are Tuscarawas blackbands over No. 7 coal. 


THE IRON ORES. 401 


ANALYSES OF BLACKBAND ORES. 


1 2 3 4. 5, 6 

EEE ERS EN UNIEE, 25.52 24.16 26.22 80.32 21.84 27.20 
OY SR ERGET® 18.30 20.06 21.10 11.70 26.28 18.80 
TREE EEE EIN 45.86 4 , 38.60 84.69 89.31 36.64 38.51 
WAG: NINE 7.40 9.14 10.42 9.50 9.08 6.25 
RER I IEEOEEIIEOEENUR 0.50 5.75 0.70 |.......0....-| 1,00 1.00 
Ua cae uaaadenesemectue dee 2.10 1.85 1.70 1.30 0.30 2.85 
23 2 RENEINE NEE 1.50 0.95 2.00 2.86 2.00 2.72 
bonate ... ....c.cce0. 8.26 4.20 1.84 2.50 1.96 2.49 
eat Keen 0.17 0.30 0.11 0.31 0.18 0.21 
PIO RER: 0.096 0082: | sscccretricts| sanceevessees tr. 0.63 
UO: itis deus aussen een en: 1.07 120 a checeven: 

99.706 | 100.042 | 99.85 99.09 9.18 | 100.16 
RER ESSEN 27.32 22.62 24.06 25.63 24.00 22.96 
ee veuesed suuaguee ease 0.043 0.018 0.27 0.30 tr. 0.28 
ned OFE ........0cceees 43.94 35.08 37.69 85.91 41.27 35.72 


ssor A. A. Wright, of Oberlin College, who made the review 
nomic geology of Holmes county for the present report was 
to give special attention to these deposits. He did so, 
1 the accessible exposures. He sent in for analysis, samples 
» 8 feet of ore on Christian Fisher’s farm, German township, 
e best-known and most trusted of these deposits. The results 
below (No. 1). The average of the seam was taken. 

wards I visited the Fisher bank in person, and selected two 
nples, the first to show the average of the seam, and the 
show the composition of the most promising layers. These 
below in Nos. 2 and 3. In No. 4 the composition of the 
e from the same horizon is shown. The samples were taken 
avy deposit in the Rowville cut of the Connotton Valley 


ferriferous character of the horizon has been fully established 
les of outcrop in the eastern counties. It is the same stratum, 
Kittanning shales, it will be remembered, that bears the shell 
he blue block ore of Tuscarawas county, and the kidney ore 
iana county. It is therefore no surprise to find iron accumu- 
orce at this level in Holmes county, but blackband has not. 
ofore reported from the Lower Kittanning seam. The Fisher. 
ch is represented in the analyses given below, Nos. 1, 2 and 3, 
G. 








402 GEOLOGY OF OHIO 


deserves the name of blackband ore. It has too much carb 
iron to allow it to be called a bituminous shale. The results o 
by Professor Andrews would make the deposit a very valuable 
ore. The results obtained by the Survey do not indicate a 
economic value under present conditions of iron making. Thed 
in the two sets of analyses, it is hard to explain. Professor An 
work is entitled to respect, and certainly the Survey has not 
trouble to ascertain the facts. 


1 2. 3 
SI user een 87.52 34.28 28.82 
Iron protoxide...nnacnasennnnen 13.75 15.29 19.85 
Iron sesquioxide........srcuenn sosssnennennenenn: 1.57 4.64 5.43 
PUIG nannte Wace: 13.81 
Manganese HxIdE u. ea ee 0.04 
me... ee ee rer 2.95 
Magna. nn ee ae en 0.94 
ÜATDONIC ALCId .rcuissnnsianise nennen anne an 15.46 
Phosphorie ac na. ee ee eiccasweceesens 0.275 
OU NOP asics ss rn nen 1.810 
Water and organic matter ..........sscccsscece| cosccesecaceee| soscsseecacsees 8.95 
Molslüre ss sss st cae ae] Bonnie nase 0.58 
’ ! SS | 

N | oacusespaueece 98.41 
Motalli¢ 1900) u. antenne 11.80 15.15 19.25 
Phosphorus 4.0.4400 nennen 0.160 0.071 0.120 
SU GI une 0.699 .255 1.810 


The discussion can be summed up in few words. If there 
considerable body of ore, 3 feet in thickness, let alone the 6 to 
reported, that will yield before calcination from 22 to 27 per « 
iron, as shown in the above quoted tables, the work of iron manu 
may be begun immediately, and its success can be guaranteed, s« 
ore is concerned. No such body of ore was found by the S 
On the other hand, if the Fisher bank fairly represents the blac 
of this district, then iron-making can not be successfully begun ~ 


our day. 


4. Iron Ores oF MUSKINGUM, LICKING, AND NoRTHI 
PERRY COUNTIES. 


This district includes the ores that are tributary to the Zar 
furnace, the production, of course, being limited to a certain extent 
lines of transportation. Three townships of Muskingum, viz. 
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cking and Hopewell, four of northern Perry, viz., Jackson, 
teading, and Clayton, together with Perry and Hanover, of 
‘county, have furnished almost all of the ore of this district 
je present time. The three block ores of the Mercer limestones 
Putnam Hill limestones, respectively, are the main sources. 
of the Ferriferous limestone ore, here known as the Baird ore, 
n added to the production from one or two townships. 
e Lower Mercer ore is much the most important of the series. 
kingum county it exceeds a foot in thickness for considerable 
It is mined only on its western outcrops, or at least where it 
h in the hills. The ore is consequently at its best, and no com- 
s made as to quality. It has been mined exclusively by strip- 
id it is scarcely probable that it will be sought in any other way. 
\estone is not always present, and where it disappears the ore 
ems to be the gainer. 
e same statements apply to Licking county, the present ore pro- 
of which is, however, insignificant. 
e other block ores appear in their proper horizons, and are both 
to some extent, but they are less valuable than the Lower 


azeysburg, Claypool’s Station and Nashport Road are the chief 
g points of the ore. 

sample of the Upper Mercer block ore of this district from the 
f W. France, Newton township, Muskingum county, was an- 
with the results given below. The ore was 12 inches thick, and 
persistent. 





CB exe sawereteaianenun bess uaiv eu eenue ated as celedeGe Deibusluuensiaswiseterunteaneesivaude 5.38 
on Protoxide .........ccecee coosccccceeveceees cies. assnepadoneeverdaescsmgixe wicks 42.53 
In. BERG WICK C ciesanadcawssosnctunsavenpenaisacaveasnsensideuaeiossereanecscaneerens 7.85 
HAWN TNR sens doc toes cats eww aa eeunc ens wt nite anda ncoueesenes LOAD ENNER SSESPERRRE, 3.61 
BNQBNESE OrIde wscssncssicestanccnds vaccouscsswascccawseredstesviesededvacdvescovens 1.75 
De nennen 8.57 
ÄEDOBIR. innere ass 2.45 
IF DOUG: ACIO een PERS qpabeerencstevtusideee Shaws 31.58 
WOR PHOTIC BCI 2:0. rn Ban 0.431 
IlDphur seen - 0.241 
Tater and organic MAtter...........cececcsecscccees cvccsscnscesccccecvcccncseses 0.53 
OlBLUTO nen een 0.38 
100.25 
Ot MiG: Iron tee 88.60 
bOSPhoFuB.. nennen 0.188 
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This is in all respects an excellent ore. With the vo 
ported, it must repay working, at least upon outcrops. 

A different condition of things is to be reported in northe 
county. A block ore appears there, 15 feet below the Lowe 
limestone, and this proves to be the chief ore of the horizon fo 
territory to the southwestward. It is from 4 to 8 inches in t! 
and is persistent and steady. It has been largely mined at. 
City, Jackson township, and it is consequently known as the 
City ore. It agrees altogether in character with the regular or 
horizon, yielding iron of great strength and excellence. It is 
that a duplication of the limestone sometimes occurs at the sat 
but in many cases the same general conditions of iron forms 
shown in this ore that mark the main Lower Mercer block o 
suggestion that this lower ore occurs in the place of the Lowe 
coal can also be considered. 

The hills of Jackson township have been disfigured by e 
ore benches, along the railroad lines, in years past, but for seve 
no ore has been produced here. 

As has been already stated, a small amount ot Baird ore, t 
stone ore of Southern Ohio, has been mined in Perry county, 1 
is light and uncertain, and prices for ore must range very high | 
working it in the scattered hill tops. The ore, though thin, is th: 
characteristic in itself and in its associations. It is capped 
whitest clays of the series, and flint and limestone are frequent 
supporting it. It occurs mainly in the form already described, 
shot-like concretions in a silicious clay. It is not an important 
of mineral wealth in this region. 

There is a large area in the district now under consideratio 
is properly situated to hold the ores already described, but in ı 
inducement to open or mine them has yet been offered. Th 
indications in these townships are often excellent. In Madison, 
and Harrison, of Perry county, especially, there is every 1 
expect full horizons of the block ores. The natural outcrop is 
cases unusually promising. Ä 
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RON ORES OF SOUTHERN PERRY AND HOcKING COUNTIES. 


THE HOCKING VALLEY. 


> ores of the region now to be considered are of considerably 
importance than those deseribed in the last section. They 
om more and better horizons, and they have been worked in a 
irger way. The principal addition in the matter of horizons of 
e reappearahce of the blackband in strong force and good con- 
n the central part of Perry county. The Ferriferous limestone 
ore) is also largely worked in Hocking county. Only one of 
k ores is worked to any great extent, and this comes from the 
the Junction City ore, 15 feet below the Lower Mercer lime- 


geological section including these ores is repeated here to 
e statements that follow more easily intelligible. One ore from 
en Measures will need to be considered here, as all the develop- 
‘it have associated it with the main seams of the Lower Meas- 
he order is as follows: 


Dugway ore. 
Mahoning sandstone—thin. 
er Freeport coal (Coal No. 7), carrying blackband in places. 
_Upper Freeport clay and Buchtel ore. 
40 to 50 tt. Upper Freeport limestone and Straitsville ore. 
er Freeport coal—Coal Nos. 6a and 6b. 
30 to 50 ft. Lower Freeport sandstone—often shale. 
dle Kittanning coal—Coal No. 6. 
20 to 40 ft. Kittanning shales, holding Snow Fork kidney. 
er Kittanning coal—Coal No. 5. 
10 to 20 ft. Baird ore (Limestone ore of Hanging Rock). 
iferous limestone. | 
60 to 70 ft. Limestone kidney or block—Putnam Hill horizon. 
Upper Mercer limestone and ore—unsteady. 
er Mercer coal—thin. 
20 to 80 ft. Lower Mercer limestone and ores. 
er Mercer coal. 
40 ft. (7) 
iston or Quakertewn coal ? 
60 ft. (?) 
on coal horizon ? 
Maxville limestone and block ore—Sub-carboniferous. 
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a. Blackband and Clay-bund Ores. . 


The last point at which we found ore to be taken from the U 
Freeport or main blackband horizon in coming south and west 
Oxford township, Tuscarawas county. The counties of Coshoctotr 
Muskingum have been passed without the report of a single depo 
this character. The ore is not likely to be found in central Muskiı 
county, as we know from the fact that the coal is already mined e: 
sively through a number of townships here, and the horizon has 
been fully disclosed. If the ore had been present, it would cert 
have been brought to light. It has been already shown that i 
occurrence of the ore thus far, it has occupied the exterior marg 
its field, the mineable coal being found farther within the basin. 
other words, the landward side of the coal swamp received the st 
of iron, probably in the waters of the drainage streams that found 
way to it. The Stark and Carroll county deposits, for examplı 
found on the very westernmost outcrop of the Upper Freeport | 
while the Dell Roy coal field lies a dozen miles or more from this 
margin. In the same way, the Tuscarawas ore-hills mark the o 
most exhibition of the Upper Freeport horizon in that county. 
Cambridge coal, on the other hand, lies 20 miles within this boun 
In parts of Muskingum county, as just stated, the coal is found of 
thickness on the western outcrop of the seam, without the ore, b 
central Perry county the conditions found in Carroll and Tusca 
counties are repeated. Valuable beds of stratified ore mark the n 
western outcrop of the Upper Freeport seam, while a still more val 
seam of coal is found as the horizon dips down toward its final cov 
the southward. 


The blackband ore of this region was first discovered ir 
neighborhood of Shawnee. The hill on which it was found wasn 
Iron, Point, and the ore has been generally known as the Iron | 
ore, but sometimes as the Shawnee ore. It is confined to sectio 
Pike township. 

The ore lies about 100 feet above the Middle Kittanning 
(No. 6), which is here the basis of all sections. The range of inte 
is, however, considerable, the distance being sometimes reduced 
feet, and occasionally rising to 120 feet. The level of the ore ina 
that covers even less than an acre will frequently be found to h: 
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20 feet. These facts are entirely in keeping with the general 
of the horizon. 


»mposition the ore is not in most cases a true blackband, but 
t would rather come under that division of the stratified ores 
y-bands. Thin streaks of coaly matter are distributed between 
colored layers of carbonate of iron. Below it there is often 

in the other fields, a foot or two of coal, generally poor in 
id not enough can be depended on to effect the calcination of 


ylackband in the immediate vicinity of Shawnee is supposed to 
pied about 20 acres, but it is now practically exhausted, only 
all areas being left of the original deposits. Four fur- 
xs were built, upon the discovery of the ore, and they have 
heir short career, quick work with what has been discovered up 
te. One furnace might have found a profitable life in the 
1 the blackband for its main reliance, but four necessarily 
bout a rapid exhaustion of the limited supply. 


ore seldom rises above 3 feet in working height, and the 
f the worked areas will not probably exceed 2 feet. It was 
ined by “stripping” or “tailing” at first, but that stage was 
2d, and almost all is taken from regularly opened drifts at the 
me. The calcined ore yields more than 50 per cent. of 
ron. 


ction 14, of Pike township, about equally distant from New 
and Moxahala, the valuable deposit known as the “ Hone 
found. The bank covered less than 2 acres, and reached a 
thickness of 8 feet. It has been entirely mined out. It was 
ly stratified ore, but contained no carbonaceous seams. It 
light in color when under cover. The outcrop was a rich 
w limonite. A question has been raised as to the true geo- 
ace of this ore, but there does not seem to be sufficient reason 
ig the general conclusion that it lies at the blackband horizon. 


ich question exists in regard to the “ Whitlock ore” which is 
ection 14, Bearfield township. This is certainly at the Upper 
horizon, and, moreover, it is a true blackband. A long and 
ection was measured in this vicinity, including the Whitlock 
is as follows: 
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Ames limestone. 
Interval—not measured. 
Cambridge limestone. 


Intervall... ie 50 feet 
Brush Creek coal—No. 7a, 

Interyal .nanseer 45 feet. 
Whitlock ore—Upper Freeport coal—No. 7. | ° 

Intersel „en ooeencerseees 61 feet. 
Nodular ore and fire-clay—Lower Freeport horizon ? 

Intervallen PETERS 51 feet. 


Middle Kittanning coal—No. 6. 
From lowest coal to ore, 117 feet; from same to Cambridge limestone, 21 


So far as worked, the seam has ranged between 14 and 4 fe 
thickness. It carries enough coal and carbonaceous matter to effe 
calcination. It is under much heavier cover than most of the 
bodies of this horizon. In fact, not another occurrence of get 
blackband has been noted in the State directly beneath the Ames 
stone. The area already mined will not exceed an acre, but the 
come down so abruptly that the possibilities of tailing or strippin 
‘ ore have already been exhausted. Drifts have been pushed unde 
hill, but they are not now open. According to what seems re 
testimony, the ore was left at full thickness at the head of the 
If this be true, there is still a considerable amount to be louked : 
this region. The horizon can be marked through a large terr 
All the ore that was mined here, was taken to Moxahala Furnace. 
raw. ore contains 36 per cent. of iron. 

There is another important field’near Bristol, in the southwe 
corner of Pike township. Two bodies of the ore have been foun 
worked in sections 29 and 32, respectively. The former is kno 
the Clark ore from the name of the farm on which it occurs; the 
is, for a like reason, called the Bowman ore. Both have been wi 
quite largely, the former for Moxahala Furnace, and the latter fc 
Shawnee furnaces. The average thickness of the Clark ore is less 
15 inches. The Bowman ore covered originally about 22 acre: 
probably two thirds of it have been mined out. It occurs in two ber 
separated by about 15 inches of shale. The uprer ore bench is 61 
thick; the lower ranges between 12 and 15 inches. The ore is m 
mined by stripping. A tram-way conveys it from the mine to the 
road at McCuneville. These deposits are not equal in value | 
Iron Point beds. They fall below in thickness, and perhaps a 
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ut they have already yielded many thousand tons of iron, and 
y is not exhausted. 
the south of Moxahala, several large deposits of rough ore 
the same general level, but experience does not warrant us in 
to them any real value as sources of iron. One of them is so 
phosphorus that it would serve a better purpose as a fertilizer 
n iron ore. | 
ection 2, Ward township, Hocking county, on the Helen Fur- 
is, a blackband ore has been opened and worked to the extent, 
of several thousand tons. It lies 93 feet above the main coal 
Kittanning or No. 6). It carries a foot or two of coal above 
r Freeport or No. 7), and below it there is also a sulphurous, 
20us deposit that verges toward coal. The Lower Freeport 
appears in the section. The ore ranges from 6 to 15 inches in 
It lies under comparatively light cover. When calcined it 

lly 50 per cent. of iron. It has been mined by drifts, and 
elf a persistent deposit, so fat as it has been followed. It 
o hold a considerable area, being found in several tracts that 
ated by valleys. It did not work as kindly in the furnace as 
desired, and since it cost as much, or nearly as much, as the 
2 that the other furnaces of the valley were handling, it was 
sessary to abandon its use, at least for a time. 

completes the enumeration of the blackband deposits that are 
ked or that have been worked in the Hocking Valley. The 
28 of these several basins have all been made by practical men, 
rs or ore diggers, and the first found were a source of surprise 
ologists who were best acquainted with the field. So long an 
exists between the Tuscarawas blackband field and Perry 
at there seemed good reason for believing that the iron-making 
the Upper Freeport coal horizon had already been left behind. 

new blackband field is by no means equal in value to the 
, but it made a notable addition to the iron ores of the valley. 
‚ht of what is now known, it is clear that it has not been turned 
jt account in an economic point of view. 

other ores of the Upper Freeport horizon have been worked 
he last few years in the Hocking Valley, though neither of 
he basis of present operations. They are known as the Buchtel 
itsville ores, respectively. The former belongs at the horizon 
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of the Upper Freeport clay, underlying the coal of the seam, and, 
sequently, the blackband by 5 to 15 feet. . The Straiteville ore is t 
by or replaces the Upper Freeport limestone, which is here sepa 
from the coal by an interval of 20 to 30 feet. The Straitsville < 
thus 60 to 70 feet above the main coal (No. 6), and the Buchtel 
80 to 90 feet above the same base. The usual interval between the 
ore horizons is 15 feet. 


Both of these ores are local in their occurrence, and they are 
by any means persistent beds. The Buchtel ore has by far ite 
development in the vicinity of Buchtel Furnace, where also it has 
largely worked, and the location of which was fixed in part by 
presence of these deposits; the Straitsville ore has been: mined i: 
large way at but a few points, viz., in the hills adjacent to New St. 
ville, from which several thousand tons were taken out a few | 
since, and from the vicinity of Moxahala, where many unsucc« 
efforts have been made to find in it a safe basis for iron manufac 
It is known here as the Sour apple ore, or as nodular ore. 


The Buchtel ore is a lean carbonate of iron, always calcareous 
often passing by easy gradations into an impure limestone. The no 
or bowlders that compose it are of large size, and are very harı 
heavy. They are imbedded in clay, and are light gray in color, & 
times inclining to blue. The thickness of the seam at its best is bet 
5 and 6 feet, and there are considerable areas where it exceeds twe 
in thickness. The upper portion, where the seam is thickest, gene 
consists of a separate layer of nodules, more calcareous than the 
seam, and called, distinctively, bowlder ore. The outcrop ore is 1 
and unpromising for the most part, though an occasional mass o; 
quality is found. Analysis of seven samples, selected from the 
pile of calcined ore at Akron Furnace, when the seam was first wo 
showed an average of a little less than 21 per cent. of metallic 
(Howard). The bowlder ore was mined with the rest of the se: 
this time. When this is left- out, the percentage runs higher. 
‘best of the calcined ore is said to yield 33 per cent. in the fur 
There is a considerable amount of lime in it, but the proportioı 
entirely uncertain, and it can never be safely used for flux. Th 
no way of knowing what proportions of iron and lime go into th 
nace top where the products of this seam are used. 


The same seam has been mined on a large scale at the new fur 
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od. The ore taken out was mainly outcrop ore, and it thus 
best possible showing for the seam. Of the many thousand 
_ here, it seems quite doubtful whether one pound will ever 
into a furnace stack. No experienced iron-master would 
run such a stock pile through a furnace. 
tratum, though massive and conspicuous, is not, therefore, 
as adding to the resources of the valley in iron manufacture. 
ame conclusion is reached in regard to the Straitsville ore. 
dingly treacherous as a geological element, the ore playing 
»se with the limestone to which it belongs, and always making 
pearance on the outcrop than under cover. It is also very 
n composition. Moxahala furnace was built to run upon 
lar ores which make a conspicuous feature in the geological 
that part of the county. Under the management of J. G. 
in, Esq., an experienced iron-master, investigation was made 
leposit in the vicinity that held out any promise. Not one 
that would repay working. Zanesville furnace also ex- 
_ with this ore with similar results. There is not a point in 
ng Valley where this horizon is yielding any ore at the 
ne, though a great deal of outcrop nodular ore could be sup- 
w rates. 
such conditions applying to these seams, it does not seem 
to give further details in regard to their development or 
n. 
of facts, similar to the foregoing in many respects, is found 
called the Dugway ore. This is a deposit of the same gen- 
ster as the Buchtel ore, but lying above the lower stratum of 
ing sandstone. The ore probably occurs at or a little below 
1 of the Brush Creek limestone. It lies from 15 to 30 feet 
Upper Freeport coal (No. 7), and about the same distance 
Brush Creek coal (No. 7a). | 
ure in massive blocks or bowlders that lie in a red and white 
: bowlders will often make a thickness of 3 or 4 feet, in an 
of 6 feet of outerop. ‚The horizon is quite steady, being 
almost every section where it is due, especially along the 
reek Valley. An analysis of a selected sample of the weath- 
rom the farm of Joseph W. Jones, on Mud Fork,'near the 
ell, gives the following results: 
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ANALYsIs OF Duaway Org, Mup Fork, Trimsie Townsaip. (Lord.) 


BIER una rien 11.9 
Iron proloride u... nn ee 29.0 
Iron BERgu10KIdE neuen 14.4 
Amnesie 62 
Manpanese oX1de..... ae 0.8 
Lyss BREPRUHTELEEDENG ANRRUEEEERNE 6.1 
MEG OTIOBIA ai 2.8 
Osrbonie atld anne - 25.6 
Phosphöric acld...ueuonnnhan en PIE 0.8 
Bülphür a. lenken 0.0 
Water and organic matter .eeessaseseene sssceccascccscesscesscscssesessccscenes - 24 
Moistüre sus 0.4 

100.8 
Metallic iron... ai 82.7 
Phosphorus .u.: sans 0.8 
Bulphur u... seien sidiachiicvina ean eaveiess 0.0 


Iron could be made from an ore that would maintain this cha 
and composition, but experience has shown a rapid reduction | 
percentage of iron as soon as the outcrop is left. A few attempt 
been made to mine and work the ore. At Corning several hu 
tons were taken out of the seam, which is in full development and 
reached, but the use of the sample that was mined created no d 
for more. The ore appears somewhat better than the two deposi 
described, but it may be necessary to relegate it to the same qui 
state under present conditions of iron-making. 


There remain to be considered two other classes of ores tk 
- mined in this portion of the field, viz., block and limestone ores. 

There is one persistent and widely worked block ore that ha 
mined in every township in which its horizon is struck within the 
counties. It is the ore already described as the Junction City 
ore. It is also known as widely as the Union Furnace block or 
lies about 15 feet below the Lower Mercer limestone. It has 
extensively worked in Jackson township, Perry county, for Zane 
Furnace ; and also to some extent in Monday Creek township, for 
Furnace. In Falls, Green, Starr and Washington townships, of] 
ing county, it has furnished a large supply to at least four furnaces 
Union, Logan, Baird’s, and Craft’s. The largest production oi 
county has been in Green and Starr townships. For a number of 
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urnace obtained its chief supply from this seam in Starr town- 
Logan Furnace drew quite largely for its ore from this horizon 
township. The blook ore of Green township makes a small 
ion to Craft’s Furnace. 
ore ranges, as usual, from 4 to 8 inches in thickness, averaging 
or 6 inches. All that has been mined is outcrop ore, taken 
pping benches. This grade yields somewhat more than 40 per 
iron, the quality of which is excellent. The ore is low in 
us, and its sulphur can be easily controlled. It has a tendency 
jlaces to run into flint. The future production must be limited 
‘tent of available outcrop, as the thinness of the seam forbids 
wing it under cover. There is still a large amount of territory — 
be reached by existing lines of communication. 
re are several other block ores in the field, but none of them 
worked to any notable extent. 


Baird ore of this district is the “Limestone ore” of the 
Rock field. It has already been described as occurring to a 
tent in Reading and Clayton townships, of northern Perry 
It becomes an element of real value in Pike, Jackson and 
Creek townships, of southern Perry, and also in Gore, Green 
r townships, of Hocking county. “There are also valuable 
f it in the highest hills of Falls and ee townships, 
rea here is quite small. 

yughout the territory now described, it has been worked on a 
le for many years. Not only the furnaces already named, but 
ers in addition, viz., the Bessie, the Thomas Iron Company’s 
ona furnaces, have all obtained large amounts of ore from this 
ly known and thoroughly approved seam. It retains all the 
‘istics that have given to it its excellent reputation in Southern 
t occurs in the same form, and in the same stratigr aphical 
yns as there, but its thickness is a little less than in Lawrence 
son counties. It averages 8 inches here for the whole territory 
0 inches in the southern parts of the field. Of course, it often 
‚2 inches, and sometimes to double this measure, but this extra 
has generally to be paid for by corresponding decrease in the 
ing territory. It is separated from the Lower Kittanning coal 
ry white seam of clay (the Kittanning clay), which ranges be- 
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tween 10 and 20 feet in thickness. The Ferriferous limestone : 
developed in some parts of the feld immediately below it, as : 
boro, Washington township. Northward it is found more or les 
large workings, but it is thin and inconspicuous, seldom shov 
outcrop, and is often absent from the section altogether. It i 
replaced or represented by a white flint, as in the southern co 
The ore has been mined by stripping only, and the benches o! 
clay, many miles in length, that mark the centers of producti 
among the most noticeable features of the country. The outero] 
naturally most valued and sought for, but the seam appears | 
quite steady under heavy cover. Its place in the series ranges f 
to 50 feet below the Nelsonville coal, which is the standard eler 
all sections in this field. The usual interval between the coal s 
is 40 feet. (Guided by measurements alone, explorations have re 
the presence of the ore in parts of the field where it would scar 
looked for. Mr. W. B. Brooks proved the existence of a fii 
characteristic stratum of it under his coal at Nelsonville. It 
found on the Hayden tract, under quite heavy cover. A thin de 
ment of it extends through the hills to the Monday Creek " 
where it has been opened on the Cawthorn farm. It seems t 
reached its natural limit at this point. It has been mined as far 
Shawnee, in Salt Lick township, where it lies just above drainag« 

The ore is almost entirely of the odlitic variety through 
Hocking Valley, and, though not over rich in iron, and quite | 
silica, it is so free from sulphur and phosphorus, and is other 
constituted, that it yields an iron of great tenacity and consequent 
The mill iron manufactured from it is noted for its strength, an 
market even where very rigorous demands as to this quality are 


No mention has been made of kidney ores in the field now 
consideration. There are none that contribute to the iron manu 
of the district at the present time. Only one persistent horizc 
be found here. The Kittanning shales, occupying in whole or: 
the interval between the Kittanning coals (Nos. 5 and 6), hav 
found to be ferriferous around the whole margin of the field th 
They offer no exception here. A kidney ore of unusual and n 
characteristics occurs everywhere in the shales below the Nelsc 
coal. The kidneys sometimes approach within 2 or 3 feet of th 
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etimes they recede 12 or 15 feet from it. They are not gathered 
eam, but are scattered irregularly through the clay and shale. 
ynsist of a very fine-grained and consequently heavy blue car- 
They are generally more or less symmetrical in shape, inclining 
oidal form. A marked peculiarity of the ore is that it contains 
out its substance fragments of fern leaves, and other carbo- 
plants in exquisite preservation. When freshly broken, the most 
venation of the leaves can be observed. Insect remains have 
n reported in these kidneys, but their occurrence would be no 
to those that have studied the deposit, as there are many points 
ıblance between these nodules and other Carboniferous concre- 
ich have yielded such remains. The ore maintains this peculiar 
‘ous character, in places, as far south as Willard, Kentucky. 
: ore is rich in iron, and the quality is not in any respect un- 
e, so far as analysis has shown, but the fact that it lies scattered 
a degree, forbids the mining of it. Tradition records, however, 
was the first ore ever turned to account for iron making from 
king Valley. A boat load was taken to the Mary Ann furnace, 
anville, in the early days of the Ohio canal. On both sides of 
» Valley, as will be presently shown, this ore has been and still 
extensively worked. 


m this review it will be seen that all of the ore now mined in 
king Valley comes from the three well-marked horizons named 


Blackband or Iron Point ore, accompanying Upper Freeport coal. 
Limestone or Baird ore, borne by Ferriferous limestone. 
Block ore, below Lower Mercer limestone. 


eral other horizons have been named at which ores of various 
nd character appear. Some of these cres have been experi- 
' worked, but none of them have been found to justify larger 
inuous operations. 
these three ores the most accessible portions have already been 
taken. The outcrop furnishes not only the cheapest, but on 
count the best ore of the seam. This outcrop ore has been 
or “tailed” into the hills, at least as far as the empirical 
rule, “a foot of stripping for an inch of ore,” would require. 
certainly true for most of the lands naturally tributary to the 
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older furnaces, viz., Baird’s, Gore, and Bessie. There are still 
bodies of ore from these several horizons that have been descr 
. under deep cover in the hills, but present conditions of iron-ms 
forbid the mining of these shallow seams, except by shallow strip 
To work them in drifts adds not less than 50 per cent. to the c 
production, and the product cannot bear the tax. It does not the: 
seem possible that the native ores of the valley can ever again he 
prominent a place in the iron-making of the valley as they have 
far held through its short history. Every year brings Lake Su; 
and other great sources of iron practically nearer to this field 
while these native ores may long be sought in small amounts to ir 
certain particular qualities that are desired in the iron to be prod 
the furnaces will soon come to place their main dependence on 
grade foreign ores, relying upon the valley for the purest and best 
making coal of the State. 


6. Iron ORES OF THE Hanaine Rock DIstRIcr, INCLUDING 
CouUNTIES OF VINTON, JACKSON, GALLIA, SCIOTO 
AND LAWRENCE. 


The district which is now to be considered is by far the mo 
portant of the Ohio field in respect to the production of iron ore. 
furnaces were established here more than 60 years ago, the enti 
supply of which was derived from the adjacent furnace land. No! 
have these first established furnaces been maintained in uninterr 
activity for the most part, but many new ones have been built fron 
to time, and the iron manufacturing interest has come to be recog 
as, next to agriculture, the most important of the district. All« 
earlier furnaces, and many of the later ones, are charcoal furnace 
organization of which is as follows: 

There is attached to each furnace a large body of land, ofteı 
sisting of several thousand acres, from which the whole furnace 
ore, flux and fuel, must, as a rule, be derived. Certain main ho 
furnish the chief supply of ore, but every addition to this supply i 
comed. No indication or “blossom” is neglected or left unp: 
While this state of things is true at all of the furnaces, there is s 
stress laid upon the discovery of ore seams at such of them 
situated outside of the main ore belts. The westernmost furnace 
rule, have the most precarious supply, and it is upon the western ı 
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nace district that we find the largest number of separate ore 
nted, many of which have been but little worked, and which 
er have been worked at all, except for the urgent local 


result of all this sharpened inspection, the furnace managers 
led to recognize several locally important sedms of ore in 
o the well-known and persistent horizons that have been 
1us far around the margin of the coal field. 
e persistent horizons, as has been often repeated in the pre- 
es, by far the most valuable element is the Ferriferous lime- 
has been found coming clearly into the sections of southern 
| Hocking counties, and from this region it extends to the 
with almost unbroken continuity. Its ore rates as high in 
. persistency. | 
Mercer horizon is also exceedingly serviceable. The lower 
of this group can be followed without real interruption from 
ylvania line to the central part of Jackson county. From 
to the Ohio Valley it is not steady, but it is found often 
establish the sections. The ore that goes with it maintains 
ven when the limestone temporarily disappears. 
oal seams are also valuable guides in following the series from 
joint, and when limestone, ore and coal are all brought into 
, & very clear and symmetrical order comes to light. 
ores of the Hanging Rock district can be divided on strati- 
grounds into three quite natural groups. It will be more 
t to treat of them in these divisions, though the classification 
oposed will not be lost sight of. The divisions are as follows: 
‘he lowest division extends from the Sub-carboniferous lime- 
she Mercer group, including both. The most characteristic 
ible elements of this division are block ores. In fact, all of 
ores of the entire series are embraced within these limits. 
sistent and six more or less important ores must be referred 
up. This division embraces 225 to 250 feet of strata. 
‘he second division covers the famous ore of the Ferriferous 
horizon, which is the central feature of the whole district, 
ay also be made to include the two weaker ores that lie next 
2 limestone, and which are often known as limestone kidneys. 
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At most, there are but three ores in this division. The section 
ures about 100 feet. 

3. To the third division, which in its leading elements em 
about 150 feet, may be assigned all the ores that are worked at ho 
higher than the Ferriferous limestone. According to the limit 
far followed, the upper boundary of this section should be the Mah 
sandstone, but convenience will be subserved in the present in 
by transcending this limit, and considering here all of the rem: 
ores of the region. This section is mainly composed of kidney o 
which there are two and sometimes three fairly regular horizor 
the banded ores of the Upper Freeport horizon must also be inc 
with this group. There is not a marked development of the latte 
of ores in the Hanging Rock district, but on one furnace tract 
mining is done, apparently at this level. The Peterson or Red 
Olive Furnace is a stratified ore, and probably of Upper Freepo1 
It is worked by Olive Furnace. There needs to be added to t! 
one or two higher ores that have been at some time worked 
district. The Oak Ridge Furnace was run for the greater part 
brief history on an ore that is found 20 feet above the Cambridge 
stone. .The Banda ore of Gallia Furnace, and the Hallelujah 
Mt. Vernon Furnace are also examples of this class. These last-ı 
ores probably belong to the horizon of the Brush Creek limeste 
which the Dugway ore of the Hocking Valley has also been ref 
The former is not now worked, but the latter is worked to a con 
able extent at Mt. Vernon Furnace. 

In the brief review to be made of the field, the above named 
sions will be followed, beginning with the lowest. 


(1.) ORES FROM THE SUB-CARBONIFEROUS LIMESTONE TO 1 
MERCER GROUP, INCLUSIVE.—LOWEST DIVISION. 


The best single section to represent this series is found on the 
of Scioto Furnace, Scioto county. But one addition needs to be 
to the furnace section, in fact, to represent all the ores of the di 
from the Upper Mercer limestone downwards. The section, whic 
furnished by Mr. Dudley Hutchins, of Scioto Furnace, and verifi 
our own work, is as follows: 
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Feet. 
; Big Red block, Main block, Upper block ......... 258 
klin Block ore ee Mercer ore. 
Interval, 12 feet. 
Bloch one nee een ee 246 
Interval, 88 feet. 
Blue Limestone block, Lower block ..... a 208 
le Red Block ore a: Mercer ore. 
Interval, 40 feet. 
8 Or e— Flag 086 si sisainsinssascsevescscrcsnivevcsecsesactansndscncadisseas sevesedutees 168 
Interval, 78 feet. 
woln ore—Covering Blue ore, Thompson ore, Kidney ore, etc........ 90 
Interval, 60 feet. 
ckband ore—Sharon horizon ........ccccsecsovccsrsceccccccccecs sesvecsesccevesecs 30 
Interval, 80 feet. 
inea-fowl ore—Conglomerate horizon ............ceccsscssccecseces sossecnenes 0 


ck ore of Maxville limestone. ) 


measurements are longer here than to the northward. The 
to be added to the series is the block ore (No. 1), that is borne 
Maxville or Sub-carboniferous limestone. South of the Ohio 
becomes more regular and valuable, and is known as “lime- 
2.” It is of small account in Ohio, being seldom worked, 
an accessory elemen‘ when the limestone is quarried or mined 
ce use. Harrison township, Scioto county, and Hamilton 
, Jackson county, are the only localities that have produced 
iderable amount of it. Its quality is good and its volume fair 
+k ore, the thickness ranging from 4 to 8 inches, but the lime- 
rizon is itself one of the most inconstant of the series, and the 
not extend beyond the limestone. 
place in the series, when present, is but a few feet below the 
erate horizon, which makes the base of the series given above. 
Guinea-fowl ore (No. 2 of the section) has already been 
ized, and requires no further discussion. It is a showy but 
; deposit. Its volume is good, reaching a maximum of 3 feet, 
uality excludes it from furnace supply. It carries, in addition 
e chemically combined silica of the ore, a large percentage of 
| quartz pebbles. Its place is upon the upper surface of the 
erate. It doubtless lacks persistency, as the stratum that bears 
’ unsteady. | ze 7 
3 section is mainly occupied by block ores, as has already been 
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stated, but there are two examples found in it of stratified ores. 
lowermost one of these (No. 3 of the section), seems to belong 
horizon of the lowest coal. Blackband, as will be remembered, 
at the level of this seam in Northern Ohio, and attains great 
there, but no clear and well defined example of it has been re 
south of Mahoning county. On the lands of Scioto Furnace, ho 
a few hundred tons of a stratified ore have been mined from th 
floor of the Lower Coal Measures. There is no good developm 
the Sharon or lowest coal in the county, but the ore comes fre 
place where it is due. The deposit is not even or regular, an 
confined, so far as is now known, to a few localities. Explorati 
been of a simple and inexpensive kind, and our knowledge is the 
mainly derived from a few outcrops. No analyses are at hand, 
is safe tu say that the ore is low in iron. It has been tried in tl 
nace, but is no longer mined. 

The most important fact in connection with this deposit 
reappearance of blackband -at the Sharon coal level. Thoug 
particular deposit has no great value, its presence dislodges th 
sumption against the occurrence of ore at this horizon, which the 
of 200 miles, from which it is absent, has served to establish. 


No other beds of this character are now known, unless the f 
tion referred to in the subsequent paragraph as occurring in sect 
Richland township, Vinton county, shall be assigned to this pl: 
the scale. a 

At 80 to 100 feet above the Conglomerate or the Sub-carboni 
limestone, and at 100 to 125 feet below the Lower Mercer lime 
in the southern part of the field, and at 75 to 100 feet further ı 
ward, there is a series of small ore deposits. Not less than five di 
names have been given to ores that have been opened and worked 
Scioto Furnace at this general level. The best known of these | 
is perhaps the Lincoln ore, or No. 4 of the section. It matte 
little whether there are one or five seams ot ore in this series, | 
one of them singly adds much to the supply of the district, nor 
combined. | 

The horizon is seen to be about that of the Wellston coal. 
seam is often covered with heavy kidneys of ore, known as the 
ore, near Wellston, and it is probable that these several ores of § 
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re contemporaneous with the coal formation of Jackson county, 
as formed at the margin of the field. 
franklin Furnace, long since dismantled, small benches, at this 
evel, show that a little ore was once obtained here. At Empire 
the same thing is true. Near Jackson Furnace, Jackson 
lso, a seam of rough ore, running from 1 to 2 feet in thickness, 
ked on a small scale when the furnace was in operation, at 
feet above the pangromerate level. On lots 12 and 13, Lick 
, Jacksun county, a rough ore is found 80 or 90 feet below the 
fercer limestone. In section 9, Lick township, ore has been 
r 70 feet below the same horizon. At Petraea, Jackson county, 
appears at this level. In section 33, Washington township, 
county, rough ore has been mined at 80 feet below the Lower 
imestone. In Richland township, Vinton county, near Rays- 
has been recently mined in a small way, at 70 to 80 feet below 
r Mercer limestone. In section 25, same township, an ore, 2% 
k, is mined at the same level. In section 3, and also in 2, of 
township, there are quite conspicuous displays of ore at the 
eral horizon. The last-named locality shows the iron as 
ing a blackband ore. Attention was called to this point by 
', Rannels, of McArthur. This ore may belong to the next 
rizon, as intimated on a preceding page. In any case, there is 
mount of the seam throughout the township. 

statements that have been now given cover most of the facts 
development of these lowest ores, and it is plain that they add 
to the mineral resources of the field. 


Boggs Ore. 


next ore, No. 5 of the section, holds a very different place 
se last described. It is a new ore, but it makes a valuable 
to the stock already known. In Bloom township, Scioto 
which is the most important center of its development, it is 
s the Bogys ore, from the name of the farmer on whose lands 
rst opened, but at Howard Furnace, in Vernon township, and 
ioto and Bloom Furnaces, the same seam has been worked on 
scale for many years as the flag ore. This term suggests the 
’ the ore. It is a stratified deposit, occurring in sheets or 
ike sandstone or shale. It is not a blackband, as there is no 
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coal and but little carbonaceous matter in the seam, nor does it : 
in appearance with the clay-bands of the Upper Freeport horizon 
consists mainly of gray carbonate of iron, interleaved with gray : 
The ore has excellent volume, reaching in the drifts a maximum t 
ness of 6 feet, and holding a thickness of 4 to 5 feet over conside 
territory. Almost all that is now obtained is mined in regularly oj 
drifts. The chief center of its present production is at and : 
Webster, Bloom township. All of the ore from this field 1s tak 
the Jackson and Wellston furnaces. The large and continued use 
at these points guarantees at least a fair quality to the ore. 

This quality is further shown by the following partial analy: 
the ore, furnished by Issaac Brown, Esq., President of Star Fu 
Company, Jackson : 


Mötallie. 1700... susanne een 34.7 
Slice and lO WANG ge csies cpoavcweasdesvecacuavnsenteacstwecseetardscccccecuuscassnecaxe 22.4 
UL DP ccs ciccis cone nennen - 0.23 
POS PR OMUG sans 055 
MOISEUTO ana ana 4.6 


Mr. Brown further states that the ore contains 3 per cent. of 
that it loses 24 per cent. in calcination, and that the calcined ore | 
in the furnace, in actual work, 48 per cent. of iron, which is a 
better than the analysis above given indicates. He adds that th 
made from the Boggs ore is a strong, dark-colored, open-grained for 
iron of excellent quality. The only faults of the ore are its lea 
and the fact that it cannot be worked by itself. 

In Vernon township it is thinner than in Bloom, but it still 
measures the other accessible seams, with the exception of the Fra 
block. It has long been mined by Howard Furnace as the fla 
At Clinton Furnace, it is apparently replaced by a sandy limeston 

Promising outcrops of the seam are known in Hamilton towı 
Jackson county, and the so-called limestone ore of Richland Fu 
is probably to be referred to this horizon. 

A considerable supply of ore for many years to come, is 
expected .rom t.e Boggs seam. The two or three square miles: 
center of Bloom township that contain it would of themselves wa 
such a statement. 

Its place in the scale is easily remembered. It lies about 4 
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the Lower Mercer limestone. The range of intervals is small, 
eeding 10 feet. 

e only ore of the counties to the northward with which it can 
related is the Junction City or Union Furnace block ore, and 
ssibly takes the place of the Lower Mercer coal. It is not 
| that this correlation is established on any stratigraphical con- 
s between the fields, but the regular expansion of intervals to 
thward would throw the Junction City ore about to the level of 
ygs ore in Scioto county. 


Block Ores. 


1e three ores that are next reached in ascending order are by far 
st important of the division, and are among the well-marked and 
1own ores of the field. Two of them, moreover, are of the 
nt class, coming into the present sections from every district 
our review has thus far traversed. They are the block ores of 
ercer series. There are but two ores in the rest of the field, 
anying this group, but a third and intermediate one is added in 
nging Rock district. The lowermost certainly covers the Lower 
or Blue limestone, the most wonderfully persistent little stratum 
entire geological scale of Ohio. It has more hundreds of miles 
srop than it has feet in thickness. The uppermost of the three 
so frequently covers a limestone or flint, which matches in all 
s to the Uppet Mercer horizon, to which the flint and ore are 
d. There remains an ore of frequent occurrence and quite wide 
ution between these two ores. It is commonly known as the 
ock ore. It is generally nearer to the upper block than it is to 
rer, being 12 to 20 feet from one and 25 to 35 feet from the other. 
he lower block ore is known by several local designations. It is 
the blue limestone block, in Jackson county, the little block and 
e block at other points. It is thin in southern Ohio, seldom ex- 
x 6 inches in thickness, and ranging where worked from 4 to 6 
but it is persistent, and its quality is steady and excellent. It 
here mined in drifts, but the benchings for it skirt a great many 
ad a great number of miles of outcrop. All of the western fur- 
except Jefferson, use it, but none of them make it a reliance. 

he middle ore or sandblock is on the whole a better ore than its 
implies. Its use is not generally encouraged at the furnaces, but 
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regular block ores and the Boggs ore. Their relations to eacl 
and the general scale are shown in the following table, viz. : | 


Franklin block ore—Upper Mercer limestone horizon. 


Intervallen 10 to 20 fe 
Sandblock ore—Upper Mercer coal horizon ? 

Intervall sense 25 to 35 fe 
Little block ore—Lower Mercer limestone horizon. 

TR TOR VM llcch ee ae 40 to 45 fe 


Boggs ore—Horizon of Junction City block ore? possibly 
Lower Mercer coal horizon? 
The maximum interval between the upper and lower block 
75 feet; the minimum is about 40 feet. 
The longest measurement found is on the lands formerly ov 


Junior Furnace, but intervals of 60 feet are not unusual in tl 
Valley. 


(2.) THe Limestone GROUP OR MIDDLE Division OF O 


There are only three worked ores in this division, but one « 
by itself, outweighs in value all the other ores of the field coı 
The series is shown below: 


1. Limestone ore—Horizon of Ferriferous limestone. 
DOLE Al use nee 15 to 2 
2%. Limestone kidney— Upper or Little kidney, Canary ore of 
Vernon township, etc. 
Intervallen 15 to 25 
3. Limestone kidney—Lower or Main seam, horizon of Put- 
nam Hill limestone. 
Interval to Franklin block ore .............0.cscesscesssrscseee 70 


This series takes in the strata above the Franklin block or 
Ferriferous limestone, including the latter. In vertical measu 
it almost always exceeds 100 feet. A few of the measured i 
are given below: 


Inte 

Ar PROTON nern 107 
At Lawrence Furnace. ..........ccscse seessoosnsnnsennenunnennnnnennnnnenenn 108 to 116 
At Center Furnace.........c..cscssssssscssssccscssccecesssccasceeroescsccssevecseveees 108 
At Ohio Furnace .......... KERNEL SEE EURER SETESERTUEURIRSOELIHERE 102 to 115 
In section 23, Vernon township, Scioto county.................cssecsreceees 133 
At Bloom Furnace i eescccsccsescesusnsscosescdss:sesnsvssvedavesvnentseocsesdecevseveee 11€ 
In section 36, Lick township, Jackson County............c.ssscsssscecscscees 10 
In section 84, Swan township, Vinton county EUREN EURER 10 


In Hocking County .....csscccscocccccccsscccccescessscess senses nsscessencnes about 7 
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such measurements could be given, but the range and the 
e well shown in those that are here reported. 
1 be noticed that but one third of this series is productive. 
70 feet earry no ore nor limestone, and, it may be added, but 
coal. They are more barren of economic interest than almost 
equal space in the Lower Measures. 


Limestone Kidney Ores. 


irst ore to be reached in our ascending review is the Lower 
imestone kidney ore, the place of which is 30 to 40 feet, and 
, possibly, 50 feet below the Ferriferous limestone. The 
nce in the territory where it is worked is 30 to 36 feet. 
10t of wide extent, being confined in its most valuable phases 
1 Clinton townships, Vinton county, and to Milton and Lick 
Jackson county. At Lawrence Furnace, the so-called slate 
about the horizon of the limestone kidney. In all of its 
lue fossiliferous limestone, or a flint of like character, is quite 
be found directly below. the ore. This flint is well shown on 
h farm, section 11, Elk township, and also on the Felton farm, 
, Elk township. It is also found in some of the workings 
ibutary to the Wellston furnaces. A coal seam that occurs a 
bove the ore, is well developed in Elk township, and is here 
the Winters coal, and also as the Flint Vein. It is probably 
iy coal of the Ironton region. 
pre consists of massive and close-grained, symmetrical con- 
Under cover they-are blue and hard and heavy. On the out- 
furnish one of the finest ores of the series, scarcely inferior 
pect to the standard limestone ore. The horizon yields 10 or 
of ore, as a rule, and often exceeds this. In the vicinity of 
it sometimes is found 2 feet thick. The ore is nowhere mined 
0 far as known. 
1ext ore is of small account. It is mellow and excellent, but 
ot enough of it. It is known as the Little kidney in Vinton 
» a few townships of which it is limited. It seldom reaches 
n thickness. Its place is 15 feet below the Ferriferous lime- 
makes the red ore of Ilesboro, Washington township, Hocking 
id is there granular, like the regular limestone ore. This last 
8 the only one in which the ore is known to be worked north 
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of Vinton county. In the latter county it is mined in Elk and B 
townships to a small extent. In Lawrence and Scioto counties: 
also long been worked in a like small way. It is here known: 
Canary ore. Its position is about 25 feet below the Ferriferous 
stone. The seam does not invite nor warrant large work, and it ¢: 
be said to make an imy-ortant contribution to the iron making resc 
of the district. 


Limestone Ore. 


The last and main ore of the division is so well known, an 
been so often characterized already in the geological reports < 
State that no extended description is here called for. The Ferri: 
limestone that bears it, is itself of great value and importance { 
whole district, yielding almost the entire supply of furnace flux 
lime. The thickness of the limestone exceeds 5 feet through m 
the territory that contains it, and sometimes reaches 10 feet. 
exceedingly regular and persistent, leaving but few wants throu; 
its field. It can be followed almost without a break from the 
River hills to Brown township, Vinton county. 

The ore has been quite fully described in vol. III, pages 9 
and also on pages 404 and 413 of the present chapter. It now re 
to point out its chief development up to the present time. 

In the first place it is to be noted that, like its limestone, it 
unusually persistent element. The chief “wants” or breaks | 
continuity are the following: 

About Hanging Rock, and thence to the east of Pine Grove 
nace, taking in the site of La Grange Furnace, long since dismaı 
there is found one of the largest of the districts that are wanti 
the ore and limestone. The failure of the ore was in fact the cat 
the abandonment of La Grange Furnace. A large part of Pine ( 
lands lacks both limestone and ore. 

Again, on Storms’ Creek, above old Vesuvius Furnace, a cons 
able “want” has been proved in the ore. There are several s« 
miles of unproductive ore ground here. 

On Raccoon Creek, in Vinton township, Vinton Sur, alon 
Ohio and West Virginia Railroad,' the limestone is very irregular 
appearing very frequently from the sections. The ore is equally ı 
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ble. On Wheelabout Creek, in Madison township, it is also ex- 
mely uncertain, but both of these stations are near the northern 
nit of the main sheet. In Brown township it has passed the limit, 
d beyond Hope Furnace neither limestone nor ore have been found 
the eastward. Northward, the limestone is small and uncertain 
rough Swan and Starr townships, but its ore is persistent and valu- 
le. This part of the field has been previously described. 

The following notes indicate the chief centers of past and present 
oduction : 


LAWRENCE COUNTY. 


Hamilton township, section 8—western outcrop. 
as < near Newcastle—Ore irregular (near boundary of want 
eady noticed.) 
Upper township, largely worked. 


Elizabeth township— 
Township 2, section 3, 4, 8, 16, 17, 19, 20, 21. 
Township 8, “ 31. 


Decatur township— Universal. 

Washington township— Universal. 

Symmes township, section 8—Present in small area, not mined. 
Lawrence A i “ és 
Perrry 6é “ iT “ [13 


Scioto County. 


Green township—14 miles northeast of Haverhill, western outcrop. 
. 7 Ohio Furnace lands, western outcrop. 

Vernon “ Sections 23, 24, 25, 26, 84. 

Bloom 3 Section 30, western outcrop. 


JACKSON COUNTY. 


Jefferson township—Sections 15, 24, 86, etc.; occupies one-half of township, very 
gely worked. | 
Madison township—Sections 8, 4, 5, 7, 8, 10, 15. 


Bloomfield “ “11,18, 18, 14, 29, ete. 
Lick « “98, 85, 86, 
Milton “ “2,4, 15, 19, 20, 21, 22, 25, 26, 28, 80, 35, 36. 


GALLIA County. 


Greenfield township—Sections 9, 11, 16, 20, 80. 
Raccoon township—Struck in boring in section 19, at Centerville. 
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Vinton Country. 


Wilkesville township—Section 88, etc. 

Vinton township—Sections 4, 16, 88. Fractional sections 1, 5, 6, 19. 
Clinton township—Sections 8, 6, 9, 13, 21, 23, 27, 28, 29. 

Madison township—Section 33. 

Elk township—Sections 15, 17, 22, 27, 30, 81, 86. 

Richland township—Section 18. 

Brown township—Fractional section 19. 

Swan township—Section 34, etc. 


This list of working localities is far from complete, but most 
chief centers are included. The ore throughout the area here 
has a working thickness of about 10 inches for the main sea: 
favored localities it rises to an average of 12 inches for large 
Washington Furnace lands, and portions of Vinton townsbip, 
Tarr farm, show this thickness in the main seam. Where the 
mined by stripping, the kidneys will often add several inches 
measure. The ore swells up in rolls to 2 and 3 feet, and son 
to even a larger volume, but it is the steady seam that the furnac 
learnéd to value, inasmuch as the rolls are likely to be follov 
“pinches.” The ore is mainly got by drifting at the present tir 
outcrops having been carried back to quite heavy banks in most 
furnace tracts. Etna Furnace is drifting for the kidneys overly 
main seam, which is here lighter than usual. The drifts are four 
feet in height. 

This is the seam from which more than 50 furnaces of Ol 
the adjacent district of Kentucky have obtained, and many of 
are still obtaining, their chief ore supply, some of them through 
even three scores of years. The iron made from it is the standa 
of the Ohio Valley, for many uses. For strength and chilling q 
it is at the head of the list, a considerable amount of it being ı 
car-wheels and in machine castings. 

(3.) The third and last division of the Hanging Rock ores ı 
to be described. It includes, as will be remembered, all of t 
that are or have been mined above the limestone ore. From th 
stone ore to the highest of this group, the vertical distance is bi 
less than 300 feet, but the ore which we find at this extreme el 
has little or no value, and is not likely to be mined in time t 
At 175 feet above the limestone ore, there is an ore horizon 
worked to a considerable extent by one or twu furnaces. This 
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ounted the real limit of the series. The ores of which account should 
e taken, are the following: ; 


7. Oak Ridge ore. 
Cambridge limestone. 


6. Kerne ore of Mt. Vernon Furnace. 
Banda ore of Gallia Furnace. 


5. Peterson ore of Olive Furnace (Waterloo or Upper Freeport 
coal? No. 7). 
Intervall ee 10 to 15 feet? 
4. Little Yellow kidney ore. 
Intervallen 40 to 50 feet. 
Hatcher or Lower Freeport coal, No. 6a. 
8. Yellow kidney ore. 
Interval ............. ie eseuieReasniedbaee latina scmmebuaingeceeeedd sateneses 40 to 50 feet. 
Sheridan or Middle Kittanning coal, No. 6. 
2. Black or Red kidney ore. 


1. Phosphorus ore of Hamden Furnace. 
New Castle or Lower Kittanning coal, No. 5. 
Intervallen 25 to 85 feet. 
(Limestone ore.) 


Of these seven ores the first and the last make no addition tu the 
sources of the district, but they demand a place in the series because 
ey have been mined and worked to some extent. Questions may be 
ised as to numbers 4, 5 and 6. They occur in close proximity, and 
me may be inclined to refer them to a common horizon, but the 
paration indicated above seems, on the whole, to express the true 
der. Positive statements are not warranted in regard to this matter. 
o correlate them with the series of the Hocking Valley, the Little 
ellow kidney must be referred to the horizon of the Straitsville ore; 
ie Peterson ore would then represent the Upper Freeport or black- 
and horizon, and the Hallelujah or Banda ore would come in at 
ie horizon of the Dugway ore, which probably belongs at or near to 
ie horizon of the Brush Creek limestone. The leading members of 
\e series are Nos. 3 and 2. Each member of the group will be briefly 
haracterized. 

The so-called ‘ Phosphorus ore” of Hamden Furnace i is an ore of 
ood volume and appearance, but it runs so high in phosphorus, that 
cannot be counted a proper source of pig iron. Some analyses of it 
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report 7 to 8 per cent. of phosphates, almost enough to give it va 
a fertilizer. It has been worked only on the lands of Hamde 
Pine Grove Furnaces. On the former tract it ranged from 2 to 
in thickness. Its appearance was good, and quite a large amour 
mined before the real character of the deposit was discovered. 

Grove Furnace had quite a similar experience. Within the la 
years the ore was found on the furnace lands. It had fair thic 
and its general appearance was excellent, but in the furnace it p 
mischievous to a high degree. The percentage of phosphorus prc 
exceeds that of the ore as found at Hamden Furnace. 

The place of this ore in the scale can be easily remembere 
lies directly above the Lower Kittanning coal (No. 5), or at th 
base of the Kittanning shales. This is also the position of th 
block ore of Tuscarawas county, but the horizon is not worked 
State, except at these three points. The so-called blackband of H 
county belongs at this horizon. A heavy deposit of ore on the ( 
farm, in the southern part of Starr township, Hocking coun 
perhaps referable to it also. 


Black Kidney Ore. 


The kidney ore that lies next higher in the series has various 
in the several parts of the field. It belongs a few feet below the I 
Kittanning (or No. 6) coal, and from 50 to 55 feet above the Ferri 
limestone. This horizon is as persistent as any ore horizon 
Lower Coal Measures. It has now been traced continuously fre 
Pennsylvania line to the Ohio River. In the Hanging Rock ¢ 
it is known by two names, viz., black kidney and red kidney. 
Hocking Valley it is the Snow Fork kidney. In Tuscarawas cot 
is “ Shell ore,” and in Columbiana county it is known simply as | 
ore. There is, in fact, no part of the field where the shales that 
vene between the Kittanning coals do not carry a notable quan 
iron ore. 

A little ore is taken from this seam in the Hanging Rock « 
on several furnace tracts. Across the river, in Kentucky, it is 
quite largely, where it is generally known as the Red kidney. T 
occurs in fairly regular concretions of moderate size. Whe 
weathered ore is broken, black seams are often found traversing 
from this fact one of its common designations is borrowed. It 
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teemed as a source of iron, but the horizon dses not repay extensive 
ork in Southern Ohio. 


Yellow Kidney Ore. 


A much more valuable ore, and the only seam of the entire series 
at is worked at a considerable number of localities, is the Yellow 
idney ore. Its place is 90 to 100 feet above the Ferriferous limestone, 
' from 40 to 50 feet above the ore last named. It belongs to the 
prizon of the Lower Freeport limestone, sometimes replacing it, and 
metimes accompanying it. The kidneys are found scattered through 
to 6 feet of shale, and when all are counted, the aggregate ranges 
om 6 to 10 inches in thickness. The ore is valued as highly as any 
at comes to the furnaces of the district. It can be mined only by 
ripping, and consequently the ore is at its best. The diggings are 
owhere extensive, but the seam is opened at a great number of places. 
his ore underlies the Lower Freeport or Hatcher coal by a few feet. 
| is most largely worked on Howard and Buckhorn lands, but it is also 
ined in considerable amount by Centre, Olive, Mt. Vernon, Hecla 
nd Little Etna Furnaces. | 

At 40 or 50 feet above the Yellow kidney, and therefore at 130 to 
40 feet above the Ferriferous limestone, another kidney seam is found 
‚at has been worked at a few localities on a small scale. It is known 
3 the Little Yellow kidney. The quality is good, but its volume is 
0 small and its occurrence is too uncertain to render it an element of 
:onomic interest. It is assigned provisionally to the horizon of the 
'pper Freeport limestone, or possibly to the place of the Buchtel ore. 


Peterson Ore. 


The Peterson or red ore of the Olive Furnace seems to belong to 
ie blackband horizon of the northern counties. It is a stratified ore, 
ad a coal seam is found directly associated with it, sometimes cutting 

out altogether. Its elevation is about what the Upper Freeport 
orizon calls for. The section is as follows on Olive Furnace lands: 


Buff limestone—Brush Creek...............sccsosscesccesccsecccsccsascecees 162 feet. 
Peterson or red ore (1380-148) ..........ccccscccssscsrccvceesonsvcececsscccess 130 “ 
Buff limestone and ore—Upper Freeport ..........sesscrcccsscce sce 110 “ 
Coal blossom—Lower Freeport ...........sccsseresessscesccecscecseccecees 92 « 
Coal—reported Middle Kittanning...............ccsses0e rere 65 “ 
Coal—Lower Kittanning ............ccccsssessesses FENG 20 “ 
Ferriferons limestone ...........scscscscssccccscsscccnscccscceseccsses annannene Oo “ 


28 G. 
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The ore is known only on the lands of Olive, Buckhorn, : 
Vernon furnaces. It is mainly worked by Olive Furnace, but 
horn is also mining a little. Itranges from 1 to 2 feet in thickn 
mines very small, being little better than dirt in appearance — 
comes to the furnace. Care has to be exercised in charging it, 
count of this fine division, several serious accidents having slre 
cured in its use. The seam is steady and justifies mining on 
large scale, both by heavy benching and by drifts. The mining 
ore is going forward continuously. | 

Olive Furnace counts the ore essential, especially in the m 
ture of car.wheel iron. A mixture of it with the other ores of 
ply is found to impart the chilling property required for thi 
of iron. A considerable importance is thus seen to belong 
horizon. 


Hallelujah Ore. 


The Hallelujah ore of Mt. Vernon Furnace lies, according 
best interpretations, a few feet above the blackband level, but u 
point there is room for difference of opinion. It may prove to | 
the blackband horizon, with the ore last named. Wherever 
will probably also go the Banda ore of Gallia Furnace, an o 
mined in considerable quantity, for a short time. Neither of th 
is distinctly stratified, and yet both agree with this class more 
than with any other. 

The Hallelujah ore has large volume for a Hanging Ro 
ranging from 14 to 2 feet in thickness. It is red on the outer 
under cover it is blue with a greenish tinge. Thus far it h: 
worked only in one hollow of Mt. Vernon land, but the same ric 
covers it reaches through to Buckhorn land, and it will prob 
found here also when looked for. : 

The ore imparts a peculiar character to the iron into the pro 
of which it enters, causing it to crystalize in large plates, like : 
eisen. For some time this character of the iron, worked again: 
market, but latterly a demand is said to have arisen, the na 
which is not now apparent. 

The last ore of the series scarcely deserves.a place in the « 
The Oak Ridge ore was discovered, it might almost be said, in 
to meet the demands of a newly built furnace that was located 
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‘all the main ore belts. Something must be found from which to 
ake a stock pile, and the Oak Ridge “ore” answered for this purpose, 
d it also served to use up the charcoal supply of Oak Ridge Furnace 
ring its first and only blast. The ore lies about 20 feet above the 
‚mbridge limestone. It is a lean and coarse deposit, kown in but a 
rall territory and not likely ever to be mined again as a source of 
g-iron. 


This completes the review of the main horizons at which iron ore 
or has been mined in the State. Several of these horizons have been 
und to be strictly continuous, and but few of them are limited in their 
tent to a single locality. Even those ores that are most restricted, 
nerally come in at the horizons of other vital elements in the series, 
coals and limestones, and thus the anomaly of their occurrence, to a 
rtain extent, disaDpears. 

The composition and adaptation to furnace use of these several ores 
ve been treated only incidentally in the present chapter. These sub- 
sts will be more fully discussed in the following chapter, where also 
e general conditions of iron manufacture in Ohio will be considered. 











BOFESSOR EDWARD Orton, Chief Geologist : 


Sirk: I beg leave to submit the following report on iron smelting in Ohio. 
he review is as complete as it was poesible to make it in the limited time at my 
sposal. . 

The work of Mr. Henry Newton, who prepared a portion of the report, and in 
hose death some years ago the Survey lost so valuable an assistant, comprises 
~ssibly a fourth of the report, but it was necessary to review and bring up to date 
e work almost over the whole field, and for this purpose but a month or two could 
3 applied in the field; it is hoped, however, that the industry has been fairly out- 
ıed, and sufficient chemical and analytical work been done to fairly illustrate the 
oblems involved and the direction in which improvement may be looked for. 

In preparing this report, I have availed myself of the published statistics of the 
American Iron and Steel Association” and the “Census Bureau.” The work in 
e field has been not only facilitated but made possible by the kindness of several 

the prominent Furnace Companies in the State, who have furnished me with 
awings, figures and other material. 
Very truly yours, 
N. W. Lorp. 








CHAPTER VI. 


By N. W. Lorp. 


“IRON MANUFACTURE OF OHIO. 
GENERAL CONDITIONS. 


There are few territories of equal extent with the State o 
that are so abundantly provided with the means of induetrial 
The great fertility and yield of her agricultural regions have lor 
known, and the cultivation of her rich valleys has given prospeı 
riches to a large population. Concerning, however, the charac 
utilization of the immense stores of coal and iron, locked up in tl 
of the Coal Measures, which underlie so large a portion of th 
the general information has been limited in extent and accuracy. 
theless, private explorations and private enterprise have develc 
industry in the manufacture of iron, which places Ohio second 
Pennsylvania among the iron producing states of the Union. 
knowledge of the occurrence and character, and an intelligent e 
ment of these raw materials, the coals and iron ores, so pre-em 
the foundation of the necessities and comforts of our age, bec 
matter of the very greatest importance to a people possessing 
And the work of the present Geological Survey, in collecting a 
eralizing the facts observed relating to those mineral staples, ar 
use in our own and other States and countries, must afford a fir 
for the certain and rapid progress of the manufactures depende: 
them. Information, which too often has been the exclusive pro] 
the invester, will be thus accessible to both the owner of the ls 
the capitalist who develops the riches beneath it, and this infor 
so long wanted, will redound to the common interest and the pr 
of the State. A knowledge also of the principles involved in the m 
tures, raising the coals and iron ores, and the method and appara 
ployed elsewhere in our own and other countries, it is hoped, wi 
a more general appreciation of the applications of science, sk 
accuracy to these manufactures. 
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All the iron ores of. any value in Ohio are found among the rocks 
f the Coal Measures, and although they are quite abundant in this 
ormation, it is only in a few regions that they are in sufficient quanti- 
ies to sustain important iron industries, so that the chief supply of ores 
snow, and will be, obtained from other States. The rich and pure 
pecular ores of Lake Superior, the magnetites of Canada, etc., 
eadily transportable by the waters of the great lakes to her northern 
hores, meet first in the coals of Ohio the supply of fuel, in which those 
egions are so deficient. Hence it is that the coals of Ohio are the 
nost impurtant element in her mineral industry, and the one upon which 
he existence and progress of Ohio as an iron manufacturing State must, 
f necessity, be mainly dependent. The character and extent of the 
oal Measures has already been most thoroughly discussed in portions 
f the geological reports, and the continuation and value of each seam 
f coal and deposit of iron ore traced in all their variations of import- 
nce through the entire area. The geological map already published by 
he Survey, and the local maps of the present volume, exhibit the ex- 
ent of this area in Ohio. The various points of the manufacture being 
lenoted, their relations to each other, to the different parts of the coal 
rea, and to the various means of transportation, will be readily ap- 
reciated. | : 

The iron manufacture of the State is divided into several districts, 
nd a description of the peculiar conditions is given in another place of 
ach region separately, with quite full details, referring to their situa- 
ion and relations, the fuel area as used, the furnaces and their economy, 
he general facts of the methods of working, and the character and uses 
f the iron produced. It is intended, however, to make a summary of. 
he general conditions of iron manufacture in the State, under the follow- 
ng heads, namely: Means of transportation; general character of the 
Yoal Measures in Ohio ; the fuels used, their characters, etc. ; the different 
res employed ; general facts and results of the blast furnace practice ; 
nd finally, statistical facts regarding the manufacture in the State. 
The districts and places where the manufacture of iron is principally 
arried on, are situated in the eastern part of the State, as all the min- 
tal fuel employed is derived from the coal measures which underlie 
he eastern third of the State. Facilities of transportation, the existence 
f other industries or large communities, however, are creating import- 
‘nt iron manufacturing establishments at considerable distances from 
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the supply of fuel, as at various points along the lake shore, ete. 
principal points, nevertheless, of the iron industry of the State w 
within the limit of the coal area, or closely connected to it by ra 
communication. While the districts and chief centers of the ma 
ture will be spoken of more fully at another place, brief mentio 
be made here of those towns which stand foremost in the iron in 
of the State. First—Cleveland, on the shore of Lake Erie, is the 
seaport or distributing place of the ores of Lake Superior, Canad: 
for Northern Ohio and Western Pennsylvania, as well as beiı 
commercial center for the iron manufacture of Northern Ohio. 

‘possesses itself large iron works, which are destined to be mul 
’ greatly, and make the Cleveland district of Ohio a great manufac 
center, a rival to its namesake, the celebrated Cleveland dist, 
England, besides being the rrincipal source for supplying the m 
accessible by the chain of the great lakes. Second—Closely con 
by railroad and every interest, Youngstown, in Mahoning cow 
the chief town and manufacturing center of the celebrated region 
Mahoning Valley, and for real enterprise and quantitı of produ 
region leads the manufacture in the State. Third—Steubenvi 
the Ohio river, is the seat of an important iron industry, which i 
closely connected in conditions of manufacture and interests with 
burgh than with Cleveland. Fourth—The Ohio towns, M 
Ferry, Bridgeport and Bellaire, opposite to Wheeling. These tow 
Wheeling, though now occupying a minor position in the iron 
facture on the Ohio river, by the unusual facilities which they ha 
water and railroad communication, and the enormous supplies. 
in the great coal seam, which is everywhere visible in the vi 
must soon occupy a pre-eminent one in this manufacture 

valley of the Ohio. Fifth—Ironton, in the extreme southern | 
the State, on the Ohio, in Lawrence county, is now the center 
celebrated Hanging Rock region, and an important point of ma 
ture. The circumstances of the supply of ores and fuels, tran 
tion, etc., more fully alluded to when describing the region, off 
conditions that we may anticipate for it progress and high p 
among the manufacturing towns of the State. Beside these chief 
. mentioned, there are others whose importance is not so great, & 
tonia, in Columbiana county, Massillon or the Tuscarawas Valley, 
ville, Jackson, Columbus, and the Hocking Valley. On the lake 
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jesides Cleveland, there are several places yet almost. unknown as 
nannfacturing points, where the facilities of communication with the 
upply of fuel from the coal area and the ores from the lakes seem to 
present very favorable conditions for successful industries, as Paines- 
Hille, Ashtabula, Black River, Sandusky and Toledo. At the latter 
lace, however, there are already succeseful enterprises in operation. 


Transportation. 


In the modern manufacture of iron there is hardly any problem of 
reater importance than that of transportation, in the distribution of 
he ores and fuel, and marketing the products. Whether it is more 
conomical, in any given case, to carry the ores to the fuel or the fuel 
o the ores, or to establish the manufacture at an intermediate point, are 
uestions depending upon so many considerations, as to the relative 
xpense of transporting the ore and fuel, cost of labor, the position of 
arge manufacturing centers or markets, that they demand the most 
areful investigation before the erection of expensive establishments. 

Before the conception of the vast railroad enterprises of the present 
ime, the extensive canal system of Ohio was a subject of just pride to 
ts inhabitants. But the railroad, in its rapid extension over the State, 
ither by rivalry or by purchase, has reduced these expensive canals, 
vith but very small exceptions, to the state of dry ditches, and as means 
f communication they have become things of the past. Though with- 
ut any navigable stream within its own limits, Ohio, with the waters 
f the great lakes washing its northern shores, and the broad and 
avigable Ohio bordering its southern limits, has an extent of water 
ommunication which gives it almost the advantages of a sea-coast. 
3y Lake Erie, the great lakes and the St. Lawrence, its vessels may 
ass from Duluth, at the extreme west of Lake Superior, to Quebec and 
he Atlantic Ocean on the east, a distance of 1,500 miles. While by 
he Ohio River it has a ready communication to all the points from 
ittsburgh to St. Louis, and the Mississippi River to New Orleans, a 
listance of 2,090 miles. All the ores of Lake Superior are shipped 
ither at Marquette, on Lake Superior, or from Escanaba, on Green 
3ay, Lake Huron, in barges, sailing vessels or steamers, many of which 
re built especially for the traffic, and as return cargoes they take back 
oal. Owing to the length of the winter in this northern region, 
he traffic lasts but a portion of the year, from about May 1 to Nov. 1. 
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At Clevelahd almost all the sale of these ores is conducted, and v 
portions of the ores are delivered at various other places on the a 
of Lake Erie, Detroit, Erie, Buffalo, ete., by far the largest propor 
are received and transhipped at Cleveland, from whence they 
distributed by railroad to Pittsburgh and other places in Western P 
sylvania, and at the many points in Ohio, etc. Beside the Lake 
perior ores, considerable quantities of the Canadian ores from ] 
Ontario, north of Kingston, of the Lake Champlain ores of Nort 
New York, und small proportions of otner ores from the States, 
bordering on the lakes, are received at Cleveland, and likewise dis 
uted to the various points of manufacture with which she is in « 
munication. 

The following table shows the total receipts of iron ore in Cl 
land from Lake Superior for ten years ending, 1871 to 1881, in ton 


U: SSR cosa oes cas ceesceteste este gecesi: 895,721 
DOU ESS DEREN eee OR HN tee acceso eee 622,059 
STG BEE sh sdisca vce EBENE RIEDUESE ICH ERS DIE ENENEHEE HEN EUNELEDE TEEN 674,824 
DO ce cect cts eases c sors eves ene cts ec I NEN IE EINEN RENNER 456,692 
MOF cas ee eas en antes center eee . 245,801 
DG ER EIER ERUNEEEBAREREFEER SERCEREENE 141,268 
De ee . 505.974 
DY 8 VENEN ER ne espe esac nea eed ne 509,882 
VORP cas ecsc sagas ies se arises eases tesserae 525,402 
DSO EN NEE DIET SSRSEEIRREENR NENNE SVEN eae taeesteansceae eee 718,988 
1.3 IN EIER INN etic sca tess chewing EHRE. DE BEE. UNSERER 826,419 


These figures are from the report of the Cleveland Board of T 
for 1882. 

Cleveland is also a shipping place for very large quantities of 
which is distributed to various points on the lakes from Buffa 
Chicago, Marquette and Duluth. The cost of lake transportation is 
but somewhat variable, During June, 1882, the freight for water tr 
portation of iron ore was, from Marquette to the Lake Erie ports, $ 
per ton, and from Escanaba, $1.00. 

The Ohio River, which borders the southeastern and southern 
of the State, is the great natural highway for the products of the ¢ 
Valley, and is navigable for its entire length from Pittsburgh tc 
waters of*the Mississippi. The demand which is made by the t 
Valley for a cheap and certain mode of transportation is impres 
every yearmore and more strongly the necessity for some perma 
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improvement in the navigation of the Ohio River, and whatsoever that 
system may be, it must eventually be carried out, to the no small ad- 
vantage of the country bordering its passage. The railroads will be 
employed where cost can be sacrificed to the rapidity of transportation, 
but for the products of the soil, the mines and the iron works, the waters 
of the river are the true conveyor. And, the dense population which 
the valley of the Ohio is destined to sustain, will require the greatest 
obtainable facilities of the Ohio, as well as all the present and many 
more railroads. The chief importance of the river in its relation to 
the present iron industry of Ohio, is the means which it affords for the 
importation of the Missouri iron ores, the carriage of coal, etc., from 
one point to another, and the shipment of its crude and finished pro- 
ducts to the various markets from Pittsburgh, Cincinnati, Louisville, 
etc., to the waters of the Mississippi. Thus the various iron works at 
Ironton, Wheeling, Steubenville, etc., on the river banks, have a ready 
means of communication with the Missouri ores, the coals and markets 
which always give to places so situated on an extensive system of water 
intercourse many advantages above those located inland. Though as 
a carrier, the river is of course slow in comparison with the railroads, 
still this inequality is rendered less when the lower cost and the much 
larger bulks which may be moved at once are considered. 

The railroad systems of Ohio are the connecting links of the great 
trunk lines between the country of the west and northwest, and the 
Atlantic sea-board, and in their numerous crossings and interlocking 
they cover the State like a net-work, and connect together the remotest 
corners. 


The Fuels. 


The magnificent forests which covered the country west of the 
Alleghenies, at the time of the early settlers, provided a cheap and 
abundant source of fuel for smelting purposes, when the-needs of the in- 
habitants demanded it. However, the rapid growth of the population, 
the clearing of the forests for agricultural and building purposes, 
together with the demands of the iron smelter, soon compelled the 
iron-masters to look elsewhere than to charcoal for fuel, so that now 
coal has replaced the use of wood where iron is smelted throughout the 
State, excepting in the extreme southern part, and in a few localities in 
the northwest, where it is still conducted. Notwithstanding that the manu- 
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facture of charcoal pig-iron is still a very important industry in Sot 
Ohio, it does not require much foresight to see that its importance 
the wane, and that ere long it must necessarily yield to the use of 
eral fuel. Such has been the history of all the great iron manufac 
regions of the world when coal was accessible. Thus England, 
in 1788 had 24 charcoal furnaces out of a total of 77, in 1872 hs 
than 5 in a total of 950. In the United States, east of the Allegh 
the use of charcoal as a blast-furnace fuel nas been or is being er 
superseded by mineral fuel, and such must be the result whenev 
facilities of obtaining coal render its use possible. Considering, 
ever, the supply of timbered land which Ohio still possesses, a: 
high value of charcoal pig-iron, this industry will be of some impo: 
for considerable time to come. By a system of care, and strict ecc 
in the use of the wood, and the employment of the best and 
approved modes of manufacture, its duration can be lengthened, t 
the final fate of the industry is certain. \ | 

It may be safely stated, that at present (1883) eight-ninths o 
available timber land of the Southern Ohio iron manufacturing di 
has been cleared. Many furnaces are compelled to obtain thei 
from such a distance that its transportation becomes a very seriou: 
in the cost of the iron made. 


The Coal Area of Ohio. 


Although this subject has been very fully treated in the Geol 
Reports, still, considering the primary importance of the coals 
iron manufacture, and the fact that all the points of the industry 
draw its supplies from this area, and be situated in close relation 
or actually within its limits, a brief summary of the general limi 
character of the Coal Measüres in Ohio can hardly be amiss here. 

The line which bounds the Coal Measures in Ohio will inclu 
eastern third of the State, or an area somewhat more than 10,000: 
miles. This boundary line enters the State from Pennsylvania 
southeastern corner of Trumbull county, and then runs southw 
near Youngstown, and westward to Ravenna, with a long span e) 
ing northward into Geauga county. From Ravenna the box 
passes neär Akron, Summit county, and then pursuing a more sou 
and sinuous course it runs near the east line of Knox county, p 
near Newark, Logan, and finally crosses the Ohio into Kentucky 
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the mouth of the Little Scioto River, a few miles east of Portsmouth, 
in Scioto county. There are thus included within the area of the Coal 
Measures the whole or very nearly all of 22 counties, namely : Mahoning, 
Columbia:a, Stark, Holmes, Tuscarawas, Carroll, Jefferson, Harrison, 
Coshucton, Guernsey,. Belmont, Monroe, Noble, Muskingum, Perry, 
Morgan, Washington, Athens, Meigs, Jackson, Gallia and Lawrence, 
and portions of 14 others, namely, Scioto, Vinton, Hocking, Fairfield, 
Licking, Wayne, Medina, Summit, Portage, Geauga and Trumbull, and 
a few detached outliers in Knox, Richland and Ashland. This large 
area is only, however, the northwestern margin of the great Allegheny 
Coal Basin, the largest and most important of our American coal fields, 
which extends over portions of Western Pennsylvania, West Virginia, 
Eastern Ohio and Kentucky, and in a narrower belt passes through 
Eastern Tennessee, and terminates in the Black Warrior, Cahawba and 
Coosa basins of Northern Alabama. The whole extent of this great 
coal field in a northeast and southwest direction is about 875 miles. 
The broadest portion, which is across Central Ohio.and Pennsylvania, 
s nearly 180 miles, while in Tennessee it is narrowed to 70 and 50 
niles. The total area has been estimated as 59,105 square miles. The 
stimated area in the several States is as follows: * 


West Virginia and Virginia................ccessessesseeves sannanenn 16,000 square miles. 
Pennsylvania, excluding anthracite basins of Central 

Pennsylvania, 12,302, INCIUBIVE...c.c0c0.esece scceecee nennen 12,774 u 
Oh 0 2er ie 10,000. Ze 
Kentucky u ae 8,983 = 
AlsDama Seesen eine 6,000 “ 
TONNCSREO u. ae ar 5,100 ” 


Ohio may thus be seen to possess a very fair proportion of this 
oal field, and to have an area but little inferior to Pennsylvania in ex- 
ent. This is an area nearly equal to that of all the coal fields of Great 
Britain, which have been estimated at 11,859 square miles. However, 
here is a fact too often disregarded when comparing our coal areas 
vith those of Europe, etc., which is, that while the entire vertical thick- 
ess of the Coal Measures in the United States is not more than 2,000 
eet, the English basins make up to a great extent what they lack in 
uperficial area by their greater depth, in some cases being 12,000, and 
renerally above 5,000 feet. | 


°C. H. Hitchcock, tenth census. 
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The rocks of the coal strata in Ohio lie nearly horizontal; they 
subject to no great uplifts or faults, and while the dip varies consi 
ably, it rarely exceeds 30 feet per mile in a direction south of 
The axis or central line of the whole Allegheny basin is found to 
near Wheeling, in West Virginia, in a northeasterly and south wes 
direction, and in the-vicinity of Wheeling we also find the gre 
vertical thickness of the coal Measures, which is abont 1,500 feet. 

The strata of the Coal Measures are the most recent of the 
solidated rocks of Ohio, and never were submerged after the tin 
their for.cation long.enough to receive the deposition of any subseq 
strata. They have hence been subjected for untold ages to the po 
ful denuding action of the atmosphere and water. Ceaseless er 
has probably removed the coal rocks from considerable areas w 
they once occupied, and has deeply furrowed the present area wit 
numerable valleys, which at one place or another expose to viev 
entire series of the Coal Measures. ‘These valleys are often 40C 
below the summits of the adjoining hills. Their excavation has bro 
the deepest coals of the series within 800 feet of the surface, an 
posed the various coals and iron ores on their slopes, in, position ¥ 
render their accessibility for ease and cheapness of exploitation 
surpassed. The exposures are so frequent and numerous that the 
hardly a township in the entire coal area where coal is not driftec 
to supply the wants of the inhabitants; indeed, it might almost be 
that each farmer has his own coal bank. 

The total thickness of the coal bearing rocks in Ohio, as alı 
stated, is about 1,500 feet, though over the greater part of the are 
thickness is hardly more than one-half of this. The total thickn 
divided by some 400 feet of barren shales (the Barren Coal Meas 
into the coal groups of the Lower and Upper Coal Measures, w 
distinction holds with great completness over the whole area o 
Allegheny coal field. The labors of the Geological Survey hav 
corded eleven workable seams in the Lower group—one at the base c 
Barren Coal Measures, and six in the Upper group, or eighteen v 
able seams in all. These coals vary from 3 to 6 or 7 feet, and s 
times 10 feet in thickness, no seam being considered as generally w 
able where the thickness is below 3 feet. Beside these eighteen 
cipal seams of coal, there are others intercalated, which, howeve: 
generally of only local extent and importance. These coals have 
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umbered consecutively from the base of the series, and their relation- 
hips may be readily understood by reference to the general section of 
he Coal Measures in Ohio. 

The Coal Measures are composed of alternating strata of coal, iron 
re, limestone, sandstone, fire-clay and shale. And thus, beside con- 
aining large supplies of coal, they include some valuable ores of iron, 
uilding material, limestone, quite generally distributed and sufficient 
) supply all the demands of iron works for flux and lime, and not least 
he fire-clays from which are made ordinary fire-brick, glazed ware, etc. 
n some localities a peculiar variety of fire-clay occurs, which is made 
ito fire-bricks, which are unexcelled for durability and refractoriness 
y the celebrated Mt. Savage brick, of Maryland, or any other made in 
ne country. The aggregate thickness of the coal seams in the Lower 
nd Barren Measures is about 40 feet, and in the Upper Coal Measures 
0, or approximately 50 feet in all, though as the Coal Measures are 
nly of this maximum thickness in a small portion of the State, the 
vailable thickness of coal in the State is much less, probably not over 
ne-half of this. 

The lower group of coals contains by far the most important part 
f the mineral wealth of the Coal Measures in Ohio. They include all 
1e most valuable furnace fuels and the only deposits of iron ore of any 
ote in the State. At least three quarters of the coal area in the State 
ave them as the surface rocks, while they are also more or less deeply 
uried under the Upper Coal Measures, which occupy the remainder ot 
1e coal area. The Geological Survey have recorded in this group six 
orkable seams of general distribution, beside several others, which 
re locally thick and valuable. And their relation and thickness may 
e seen by referring to the geological section of the Coal Measures. 


THE MANUFACTURE OF IRON IN ÖHIo. 


The history of the iron industry in Ohio begins with the erection 
fa blast furnace at Poland, Mahoning county, a few miles southeast 
f Youngstown. This furnace was founded by Messrs. Montgomery, 
lendenin & McKay, in 1806, and began to make iron in 1808. It 
as a small charcoal furnace, 30 feet in height and 7 feet across the 
oshes, cold blast and blown by water-power, producing only about 
vo tons of iron per day. The iron made was principally cast 
irectly from the furnace into various forms, such as pots, kettles, 
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etc. The ore used was the nodular clay iron-stone of the coal 
ures. The furnace was built against the side of a hill, the 1 
which formed one side of the furnace, was twice rebuilt, in: 18 
1837, and after making a few blasts was finally abandoned. Th 
of this pioneer furnace in the Ohio iron industry are yet visib! 
the old Mt. Nebo coal mines, below Youngstown. In 1809, 
Heaton erected a charcoal forge near the present city of Niles, 
produced from the pig-iron of the Yellow Creek furnace tl 
malleable or bar iron made in the State. In 1811-1812 the 
furnace in the State was built by James Rogers and others on 
Creek, about 12 miles from the Ohio river in Adams county. I 
cold-blast charcoal furnace, using a limonite ore found in poc 
the Niagara limestone, which, according to Prof. Locke, is t 
duct of the oxidation of nodules of iron pyrites, which are quit: 
dant at that horizon. In the same year, 1812, James Heaton.b 
Mosquito Creek furnace at Niles, near the forge he had already 
in 1809, and in the following year, 1813, Daniel Eaton & So 
chased the old Yellow Creek or Poland Furnace, and built anc 
Yellow Creek Falls, a few miles south. In the southern part 
State, in Adams county, the furnace built on Brush Creek was f 
in 1816 by two other cold-blast furnaces in the neighborhood, 
which was called the “ Marble” furnace, and both using the s 
as the old Brush Creek furnace. About the same time two forg 
built in the vicinity to produce bar iron from the Brush Creek fi 
These iron works were all abandoned about 1826, when the r 
posits of the Hanging Rock region were first: discovered. |] 
Aaron Norton built a furnace at Middlebury, near Akron, in 
county. This furnace was worked with ores of the coal measuı 
about the year 1840, when it was abandoned. In 1816 also th 
Ann charcoal furnace was erected in Licking county, about | 
northeast of Newark, using the Lower Coal Measure ores of that 
From this time the manufacture of iron was established 
State, and in the Western Reserve numerous furnaces and for; 
in operation in a few years. The ores used by these pioneer - 
of Northern Ohio were principally the kidney or clay iron-ston 
_ Lower Coal Measures, derived mainly from accumulations in 
leys, where they had been collected by the action of water 
weathering of the shales of the Coal Measures. Along the edg 
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ige, which run near to and parallel with the lake, are frequent de- 
sits of bog ores, the deposits from springs, but which nowhere are — 
undant or rich, containing only from 20 to 30 per cent. of iron. 
veral furnaces were erected along the lake shore to work these de- 
sits, as at Conneaut, Painesville, Elyria, Vermillion, ete., but the ore 
as in limited quantities, and becoming exhausted, the furnaces were 
| abandoned many years ago, and their existence is almost forgutten. 
he ores in the coal rocks of the northern part of the State were never 
ry abundant, and after the exhaustion of the accumulations in the 
lleys and streams, they became scarcer and more difficult to obtain, 
don this account some furnaces met with indifferent success and 
re finally abandoned. The shales beneath the coal strata in many 
aces contain quite considerable amount of iron as nodules, and 
tempts were made to use them, as at the old furnace near Painesville. 
he nodules in the Erie shales, though quite abundant at this place, 
ere insufficient to sustain successful smelting operations. | 

The increasing scarcity of the timber necessary for charcoal, in a 
untry rapidly filling up with agricultural settlers, entailed an addi- 
onal difficulty upon these early iron masters. The capital also re- 
ıired in the operations of iron smelting, and the many risks involved 
y these pioneers in a country whose resources were but very imper- 
ctly comprehended, rendered the undertaking one peculiarly difficult 
1d hazardous, and too often ended in discouragement and failure. _ 
nd in fact, it was not until the introduction of the use of mineral fuel 
id the rich ores of Lake Superior that the iron industry in the north- 
n part of the State was firmly established on a remunerative basis. 

A great stimulus was given to the iron industry in the southern 
art of the State by the discovery of the extensive and rich deposits of 
1e now celebrated Hanging Rock region. The first furnace, called 
ıe Union Furnace, was built in 1826, about four miles from the Ohio 
ver, in Lawrence county, near the present town of Hanging Rock, by 
[essrs. Sparks, Means & Fair, and the first iron was made in 1827. 
n the same year, 1826, the Franklin furnace was erected in Scioto 
ounty, about one-half mile from the Ohio, and 16 miles east of Ports- 
ıouth. These early furnaces were of but small capacity, and cold-blast 
nly; they produced from 1 to 2 tons of C. B. iron per day, which was 
10stly cast directly into pots, kettles, etc. The ores which have made 


29 G. 
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the iron from this region of so wide a reputation for its unusual pt 
and strength, are from the Lower Coal Measures, and will be fc 
more fully described elsewhere. Their discovery induced further 
plorations, and in the course of 15 or 20 years we find the indt 
spreading in Scioto, Lawrence, Jackson and Vinton counties, in C 
and the neighboring region of Kentucky. This region, which in | 
was almost an unknown wilderness, and though even at the pre 
time but sparsely settled, in 1869 was represented in Ohio alone b 
charcoal furnaces, producing 90,000 tons, and 5 bituminous coal 
naces producing 16,000 tons, or a total of 106,000 tons. 


Tax EARLY CHarooaL Buiast Furnaces OF OHIO, WITH THE Date or Erg 
Location, BUILDERS, DATE OF ABANDONMENT, ETC. 


+3 
3 

z Name and Location. Builders or Owners. 

a 

B 
1808 | Yellow Creek Furnace, Mahoning Co.............ccssssesse- Clendenin, McKay & Montgomery... 
1809 au Creek Forge, Niles, Trumbuli CO PRIOR, James Heaton....anoooonononnnnnnnnneneonenn 
1811 Creek Furnace, Adams Co _...... ..ccscosssserscesces| soe a ae 
1812 | Mosquito Creek Furnace, Niles, Trumbull Co .........] JaME8 Heaton. .........cccccsssccsccccessscees ze 
1818 | Yellow Creek Falls Furnace, Mahoning (0.3 PRPRPRUERPERER Daniel Eaton . & BODE...uiersauesasresunnsie 
1816 | Middlebury Furnace, Summit CoO.....esccesceccsssseccesceees Aaron NOrton.........ccosrcccccscecccsncces men 
1816 | Brush Creek Furnace, Adams Co..........0...ccccscesescsces:| sonsccccessc scones conse: senceecnscssesascsecscces sesenees 
1816 merle Furnace, Adams Co............ co... sedinsveieven ia) ee ia ieh e 
1816 Ann Bunaee Licking CO...........0000000000000000n000. Owned by Dille B. Moore................. 
1816 Lit e Cuyahoga Forge.............ssscsccsssceses FREE ERE EEE Asaph Whittlesey...........cccccsecccsesssses 
1824 | Geauga Furnace, Paiusvill« ..................0..ccensccccee cones: Used Bog OFC..........0. -ccesccnceeccssescceccens 
1825 | Concord Furnace, Concord, Re CO ssxsitece weine) DUIMOA COWDD 00 coccccavscexcsewiteens 
1825 | Railroad Furnace, Perry, Cuyahoga CO ice Sans Thorndyke & Drary ...............0002- Fr 
1825 | Arcole Furnace, Madison, Lake Cu.............cccccscses ...| Root & Wheeler Bog ore) bbeeutlice cee a 
1826 | Union Furnace, LAWFENCE CO... c.ccos ccscecsecseseesscceeeccoes Sparks, Means & Fair ............... POREREN 
1826 | Franklin Furnace, Franklin P. O., Scioto Co............| James F. & Oran B. Gould................ 
1828 | Junior Furnace, Junior P. O., BCLOLO CO....nsenccecceceees Gliddon, Murfin & Co...........sccscos..-: 
1830 | Fairfield Furnace, Fairfield, Tuscarawas Co............ Owned by Zoar Community ............ 
1830 | Tuscarawas Furnace, Fairfield, Tuscarawas Co........ Christmas Hazlitt & Co,.......2....ccscese: 
1882 | Arcole Furnuce, Madison, Lake CO... FDA: Wilkeson & Co. (Bog ore) IE MUCIEUEENG 
1882 | Clyde Furnace, Madison, Lake CO.........0:00uuoseosenunneee CIV OG CH. an 
1882 | Elyria Furnace, Elyria, LOrain CO...ccceccssccssssumcocsecees Herman Ely (Bog ore) FREE SHEEREEER SEN 
1882 | Conneaut Furnace, Conneau _ Ashtabula CO ARRRRENDEEN BOW OTC casicississntniscsscisnenecsbesadacciwcass 22 
1882 | Elyria Forge, Elyria, Loraln Co... Norton & Barnum .........-.......- 
1884 | Dover Furnace, Dover cone CO io ai ER NORE ERROR Cuyah Steam Fur. Co. (Bog ore). 
1884 | Vermillion Furnace, Florence, Huron CO.......02..cccece Geauga Iron Co. (Bog ore)........... 
1835 | Mill Creek Furnace, Youngstown, Mahoning Co...... Owned by Dan. Grier .............0. 0000 = 
1885 pay oken h Furnace, Berea, Cuyahoga OW iecscnnavess D. Griffiths & Co........cc.cccccecsccccsses eo 
1836 | La Gran uruacc, Ironton, lawrence Co ..........00... Ohio Tran nnd Coal Coi....cccs sen nenn 
1840 | Akron arnAce: Akron, Summit Co....... wn ssacuwucecebiaeles Ford, ‘Tod & KIWIS 2. ....cc ce ceecse even: 
1847 | Empire Furnace, Scioto Co....csesssccccssssssessesecscsscacess Gliddin, Murfin & Co... .cscscccccscssosssee- 
1847 | Dresden Furnace, near Zanesville, Muskingum Co....| 8 uldiug UDO, 
1852 | Hocking Furnace, near Logan, Hocking Co ........ .. ne Iron C9...u nase 
1858 | Harrison Furnace, Sciotoville, Scioto Co.............. ces. Ilman & CO.....cccccecseccescccess oeees 
1854 | Big Sand Furnace, Raccoon ¢r,, Athens Co............ Bie nd Iron CO. ..cecccsescssenscncccccee esses 
1854 | Tilden Furnace, Vermillion, Huron Co........0..0.... Owned by Dr. Tilden ..... u.a... 
1855 | Five Mile Furnace, near Logan, Hocking Co...........| Five Mile Furnace CO, 
1856 | Oak Ridge Furnace, Symmes Cr.. Lawrence Co........ a ze 
1856 | Pioneer Furnace, near Ironton, Lawrence Co.......... Örınsby, “Colvin & Reed... SER 
1866 | Diamond Furnace, near Jackson, Jackson Co........... Gralton, Hoffman & Coo... sec cceceee. 
1857 | Young America Furnace, J::ckson, Jackson Co......... Powell, Onken & Co o...ccccccscccnees nennen: 
1857 | Meander Furnace. Austintown, Mahoning Co........... Ormond Smith, Porter & Cu... 
1858 | Zuleski Furnace, Zaleski, Vinton Co.........c.scccsne...| Gtleski lrun Co. (has used coal)....... 
said Hartford Furnace, Mahoning Oscar Seesen 
PER Dillon Furnace, near Zanesville, Muskingum Co......| Chr. BUCRINEBANI:- EREEENENERERRISER 
Eee Tallinadge Furnace, Tallmadge, ‘Bumuinit Co anna. IE SPEER HERDER 
ae Zoar Furnace, Zoar, Tuscarawas CO.........-sccccsessscsesees Zoar ‘Community. een 
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As the record of the trials and triumphs of these pioneers in the 
ron industry of the State must be of interest, and as many of the old 
stablishments are already or will soon be out of memory, the above 
ist is inserted of all the furnaces erected in Ohio, so far as could be 
scertained, which have been abandoned. There is added also their 
late of erection, builders, and the date of their abandonment, wherever 
ossible. Credit should be acknowledged for information concerning 
he Western Reserve to a paper by Col. Chas. Whittlesey, of Cleveland. 


After the establishment of iron smelting in Northern Ohio, the 
vents of the greatest importance in stimulating the industry were the 
ubstitution of raw coal in the place of charcoal as the furnace fuel, and 
he importation and use of the Lake Superior iron ores. The rapidity 
vith which the country was being settled, and cleared of its timber, 
rery early began to embarrass the iron smelters for their supply of char- 
oal, but more especially the ores, which were never very abundant in 
his part of the State, became more and more difficult 10 obtain, and 
hus some were obliged to discontinue, and others, drawing their ores 
rom a distance, maintained a precarious existence for some time longer. 
[he introduction of the use of raw coal, however, opened up a new and 
most inexhaustible supply of fuel, the limits of which, though con- 
tantly being increased, are even now not fully realized. The question 
f priority in the adoption of the use of raw coal in this furnace has 
een a subject of much discussion, the two places at issue being the 
Slay Furnace in the Shenango Valley, and the old Mahoning Furnace 
it Lowellville, Mahoning county. And presuming that some notice of 
he first use of raw coal may be of interest, the following statement is 
riven on the authority of Messrs. J. M. Edwards and David Himrod, 
ate Manager of Himrod Furnace, at Youngstown, the accuracy of 
vhich is generally acknowledged. 

The Clay Furnace, which had been built by Messrs. B. B. Vincent 
nd David Himrod at Clarksville, Mercer county, Pennsylvania, was 
ut in blast during the summer of 1845, and was at first planned for 
ising charcoal. There were difficulties in obtaining charcoal, and Mr. 
Himrod, seeing no prospects for a certain supply, determined upon 
rying coke made from the coal of the neighborhood, which is the 
Sharon coal of Western Pennsylvania, and the equivalent of the now 
enowned Brier Hill, or Coal No. 1 of Ohio. This coal, whose open- 
jurning character is now well known, makes at best a very indifferent 
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coke, lacking density and hardness. Mr. Himrod, however, cok 
in heaps or ricks, and at first used it in the furnace mixed with « 
coal, and finally entirely alone with perfect success, both as regard 
working of the furnace and the character of the iron. Soon, how 
they were met with an additional trouble, for, the cokers striking, 
were obliged either to go out of blast or attempt to use the coal wit 
coking, the latter being determined upon. The raw coal was at 
mixed with coke, and at last. was used alone. These experin 
were watched with the greatest interest by others, and when, by 
results of the trial, the suitability of raw coal for use in the furnace 
established, this material was soon adopted by other furnaces i 
Shenango and adjoining Mahoning Valley. The Clay Furnace 
the first furnace in the United States to use bituminous coal in the 
state. In Scotland, however, raw bituminous coal had been 
extensively for a number of years (at least since 1828), and in Ce 
England and South Wales probably for a longer time. In Ohi 
first iron made with raw coal was produced at the Mahoning Fur 
at Lowellville, some 7 miles southeast from Youngstown, abou 
year after the success of the Clay Furnace, or in August, 1846. 
furnace was built in 1845 by Messrs. Wilkes, Wilkinson & Co.. 
continued to use coal from the old Mt. Nebo mines until their aban 
ment a few years since. Following the favorable results at the 
and Mahoning Furnaces with the employment of block coal, other 
naces were erected for its use until it became the basis of the 
important iron district in the State, and in 1873 there were nearly 
furnaces dependent upon it in Northeastern Ohio and Northern F 
sylvania. 

These conditions continued in Northern Ohio for some ten ; 
without any great change, excepting the more general employme 
the block coal, until 1856, when the first development of the iron 
of Lake Superior opened up a new source from which to obtain 
ores, and to compensate in part for the sparsity of their distributic 
this part of the State. Though the importance of the Lake Sup 
ores was acknowledged in 1845 by the formation of the Jackson ( 
pany, it was not until 1856 that any regular shipments were n 
However, a cargo is said to have been sent to the Clay Furnace in ] 
and Mr. Himrod states that the first iron was made from them in 1 
Although there was some unaccountable prejudice against their u 
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first, the trial at the Clay Furnkce with the native ores mixed, or the 
Lake Superior ores alone, demonstrated fully their great value. Grad- 
ually becoming more generally employed in Northern Ohio, they have 
now replaced the use of the native ores almost entirely; the latter, ob- 
tained in small quantities, are employed only by some few furnaces in 
small proportions. Over the rest of the State the Lake Superior ores 
are now largely employed, as at Steubenville, Wheeling, Columbus, 
Zanesville, etc., their higher cost than the native ores being compen- 
sated by their much larger percentage of iron, purity and improvement 
in the character of the iron produced. Excepting the iron districts of 
the Tuscarawas Valley, Hocking Valley, and of the Hanging Rock 
region in Southern Ohio, the Lake Superior ores are now the main 
dependence of the iron manufacture in the State, with the addition that 
on the Ohio River and in Central Ohio assistance is derived to some 
sxtent from the Missouri ores, which are similar in character. The 
advance in the use of the Lake Superior ores may be best comprehended 
by inspecting the shipments from the Lake Superior ports, of which 
the greater proportion passes through Cleveland, Western Pennsyl- 
vania and Ohio being the chief consumers. Thus the first shipment in 
1856 was represented by but 7,000 tons, while in 1870 the shipments 
were 856,471 tons, and a total since 1856 of 3,771,939 tons, and 25 
years later the output of the Lake Superior mines, in 1881, was 
1,336,335 gross tons, and probably 3,000,000 tons in 1882. 

For convenience in the study of the present iron industry of the 
State, the various points of manufacture may be separated into regions 
which, though somewhat arbitrary in their division, individually 
present such peculiarities of ore, fuel, or position as will warrant their 
separate consideration. 

These regions may be enumerated as follows: 

1. Northern Ohio, or the region of the Mahoning Valley, which 
s distinguished by the use of the celebrated Brier Hill or block coal 
in the raw state, and the almost exclusive employment of the Lake 
Superior iron ores. The chief points of manufacture in this region are 
at Cleveland and vicinity, Akron, and in the valley of the Ma- 
honing River, from Warren, Niles, Youngstown, etc., to the Penn- 
sylvania line. Though not forming part of the view of the Ohio iron 
industry, mention should properly be made here of the manufacture in 
the adjoining region of the Shenango Valley, in Pennsylvania, at 
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Sharon, Middlesex, etc., where conditions precisely similar to tho 
the Mahoning Valley in Ohio, are the basis of an industry of ul: 
equal importance. 

"2. The Tuscarawas region, at present represented by but two 
naces in blast. i 

3. The River region, or region of Steubenville and enviro 
Wheeling, where the fuel used is coke, and the ores Lake Superior 
Missouri. In this division are included the various establishmen 
Leetonia, Columbiana county, Irondale, Steubenville, Mingo, Maı 
Ferry and Bellaire. But as a slight exception to the generalizatic 
the materials of this region, at Leetonia there is used some little n: 
ore and no Missouri ore, and a certain proportion of raw coal in: 
tion to the coke. 

4. Central Ohio or Hocking Valley region, where the fuel is 
coal from the Hocking Valley, with some admixture of coke and 
ores of Lake Superior and Missouri with about one-half native 
measure ores. 

5. The Hanging Rock region of Southern Ohio. The ores ar 
celebrated hydrated and carbonated ores of the Coal Measures, an 
fuel charcoal, coke and raw coal. This region comprises some f 
two furnaces in blast, and some iu course of erection, in the counti 
Vinton, Jackson, Gallia, Scioto and Lawrence. At Jackson, Iro: 
etc., the use of raw coal has been successful for several years past 
at Ironton quite a considerable quantity of Missouri ore is nov 
ported. 

6. In thesixth region we may include the isolated points of m 
facture in the northwestern part of the State, where the Lake Sup 
ores are smelted with charcoal, as at Antwerp and Cecil, Pau 
county. This region is now of little importance, as possibly befor 
appears in print, these charcoal furnaces will all be abandoned, I 
may confidently be expected that there will rise in their stea 
various points on the Lake Shore, where railroad communicati 
direct with the coal fields, other establishments using the Lake Sur 
ores, and raw coal or coke from the rich deposits of the eastern p: 
the State. Thus at Toledo, Sandusky, Elyria, or Black River, 
the railroads to the coal fields and the excellent harbors present 
excellent facilities for important industries. These same remarks : 
with equal force to the future prospects of such towns as Painesville, 
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ala, ete., whose good harborage on the lake and railroad communi- 
on directly with the coal fields at the south, present most powerful 
ucement for successful iron establishments. 

The present state of the iron industry will be well shown by the 
owirg table, compiled as carefully as possible, and showing the 
racter and location of the furnaces in the State, arranged by districts 
| counties. The table is complete up to 1882, though it includes 
ne furnaces now abandoned, and many not in blast at present. The 
s used are taken from the statements of the furnaces made to the 
nsus Agent, when their production was taken for the Tenth Census. 
ery care haa been taken to secure a careful statement. Copies of 
s table were sent to parties interested in iron manufacture in the 
ferent regions, for correction up to date, and all omissions and mis- 
es so discovered, corrected. 

Following this table, a disoussion of the principal features of each 
trict will give a review of the present state of the iron industry 
Ohio. 
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The Mahoning Valley District. 


his includes the works situated at or near Youngstown and Cleve- 
in Mahoning, Trumbull and Cuyahoga counties. These works 
2 ores from the Lake Superior districts almost exclusively, but 
me native ore. The blackband found in Stark, Mahoning and 
‘awas counties, after being roasted at the mines, is shipped to 
| furnaces at Niles, Brier Hill and Youngstown. It is used with 
ake and Canada ores, to make a so-called “American Scotch” pig- 
The ‘‘ kidney ” ores from Columbiana county are also a consid- 
source of supply ; these ores, occurring in rather extensive de- 
as bars or gravel banks, along the Middle Fork of Little Beaver 
are there separated by picking and screening from the associated 
, and then roasted in heaps or piles with coal slack. The ore 
yasted contains about 45 per cent. of iron on the average. The 
t of this ore used is not large compared with the enormous con- 
ion of Lake ores, but its cheapness makes it desirable in a 
ı proportion, as it can be furnished at Youngstown at from 
to $3.25 per ton, while the Lake ores cost $6.00 to $8.00. 

nother available source of cheap ores is the deposit at Wam- 
Lawrence Co., Pa., from which considerable ore at $3.00 to $3.50 
t to Youngstown and vicinity. These ores are soft hydrated 
ites, containing 40 to 45 per cent. of iron. The following analy- 
rnished through the kindness of one of the furnace companies, 
ates its composition : 


“WAMPUM Ore.” 


OBGUIOXIGES OF ITON na. 64.29 
RGU Bsns engere dusaseetnduaasaueureeaseyedeiwaeiaes 5.90 
UCR so coratenccanacwcsstmesecaussicasaeedenwntexcunaeuasedsavcewesceceeeucsusetens ‚one 18.24 
)ZId6 MANGAN ONG cis cece, eben 1.52 
PN rccusunnesgnsheswsowdesecacencateaswasspeaseuseskonsavaveuasasseees .40 
CNG einen Seveiestevesvente a: 47 
"hosphoric Acid... ine ‚48 
Yarbonic acid and WAter...........000 sececscercecssccesccccerseccscsevecsces secees 13.98 

4 0) 71 (ER EREE EEE SORERERENEERESSDELERSUETIERG 100.28 


‘he following is a partial analysis of the New Lisbon kidney ore. 
nalysis was made of a single “kidney,” taken from the roasted 
nd represents possibly a rather better than average specimen : 
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Sesquioxide of iron ...... ee ee ee est 6 
DIEB ea une =. 
Alymina....issnni BENENNEN ER UEUSETUUSESSEEPERTESSPEIGOLTENPN 
Phosphorie GCI tisseieosncdancavesneuvecisuneus neasnsnecseusoenseaieapsenienoswenes m 


Melallice ion... 4 
Phosphorus..... .......... TE IE UELI RRLUFELTELERF 
Lorp, Chemist. 


The blackband ores mined with the coal at Mineral Ri 
tain enough bituminous matter to burn alone, and are roasted 
at the mines. The following is Prof. Wormley’s analysis of u 
ore from Mineral Ridge: 


Volatile Matter u... er easnaudicdeissesetuaves 8 
SIT CIGWS Waller... ai 1 
Garbönate ol Iron u. rear . 4 
032198:08 IrOn zu... 02er euere 
Aluümins sen NEE TO ERERN Tr 
OZ IAS MANU AN CSO nennen = 
Phosphate Of lime uni a a Tr 
Carbonate Of Liii6 vscosccisecvscessonicdwesacwerndecne Uavidiewedesavecdenceueaweiiess = 
Carbonate Of Magnesia ...........cscccsscsscsecssscescscccsee secnrecseess sonsanen 
Sulphür „uni 
Tolle. ee se es 9 
Metallic IrOn...2... una een 4 sauce 2 


The extremely small amount of phosphorus in this samp! 
ceptional. This ore after being roasted would contain a 
follows: 


BOSQUIORICG OF ION nn: een 
SIIULIOUB IHAlIBR 2.0. ea 


This is about the per cent. of iron claimed by the sellers. 
brought during the census year from $5.25 to $5.50 at the furnac 
used in mixtures, to give a very soft and tough foundry iro 
used with Lake Superior hematites or New York magnetit 
already stated, this is especially advertised as “ American Scot 
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Of the vast quantities of Lake Superior ores used in this district 
ed only be said, that they form the main supply of the furnaces, 
tially at Cleveland and Youngstown, their high grade and pure 
acter compensating for their higher prices. To show the relative 
ints of these ores used during the census year, the following figures, 
n from six of the principal works of the Mahoning Valley, and 
senting the total purchases of ore from June 1879 to June 1880, 
be of interest : 


Tons, 2,240 lbs. 
Lake Superior and Canada ...........csccssccececcsecescceccesceses sceseoes 229,427 
Native Ohio Or. 14,802 
Pennsylvania and New York 0r@ß ..........ccssccsccsscsscsecsessvenscsees 28,219 


The list includes the works at Cleveland. Leaving these out, the 
ngstown furnaces wquid show a larger percentage of Native ore, 
would still leave the Lake ores far in excess. 

The Lake Superior mines being distinct organizations, and not 
ected with the smelting works, the price of ore is rather variable, 
also the ore supply of the different furnaces of this district will 
in quality with the fluctuating value of the different Lake ores. 
is especially true since the rapid development of the Marquette and 
nomonie regions has sent into the market very large amounts of 
nd grade ore at a lower rate, somewhat lower in iron and higher in 
phorus and sulphur. 

To the above rule there are some exceptions, some of the furnace 
panies being owners of mines in the lake region, and a; tor 
rtial supply at least upon their own properties. 

The fuel used in this district is the Brier Hill block coal and Con- 
ville coke. The use of coke has steadily increased, owing to the 
inued decrease in its price, until at present (1883) the furnaces of this 
ict have almost entirely given up the use of raw coal, even in ad- 
ure with coke. A letter from a prominent iron smelter relative to 
matter, received October 10, 1883, says that “most of the furnaces of 
Mahoning Valley use no block coal whatever, running entirely on 
1ellsville coke, and none use block coal entirely.” 

The block coal is a dry, open-burning coal, which is discussed fully 
e report on coals. 

Where coal is mixed with coke it constitutes one-third to one- 
th of the fuel used. 
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To illustrate the working of these fuels with Lake ore, th 
ing summary of a week’s run of a large furnace using Lake 
making Bessemer pig-iron, may be of au 


Cuarcss. 

Tons, 
a ne ee ee ee 68 
Steel GCOS uni ee ebene ] 
Limestone anne le sccen se veeesendsscansensescasanecds - & 
MORO esse ee es ee 42 
MOAN ee ee unseaaueiuevencuaaeesssuneaseans 17 
1702: produced... rennen 44 


The furnace had not been in blast very long. The iron 
was No. 1 foundry, for use in the converter in making steel. 

A furnace company using native ore and’coke has kind]; 
the following figures to be taken from their charging books: 


Sıx Days’ Run or Furnace.—Noumper ÜHARGES, 554. 


Tons, 
Lake Ore and CINGET.........cscsccessscensccsccccsccsccstuces anansnnuenonunnenense U 
"WENDUN 08 2. Soabecsasetecsteeehs 2 
Limestond sagen 2 
Vokal Ne 5) 
DOG WE een 2 


Again as still another example, the Howe charge may 
representing also a meee run: 


Tons, 
EN. EEE ERRNSESITERUESETERSENNERERTEIRERER 4 
TAM CBO 6 nn rinnen lf 
COB) een. 
Cy RER TREUE EEE ERNEUTE ERHIIEIEDEINEEHTERNERE . 3 
Iron male... 2 


These figures may be taken as fairly representing the w 
the furnaces of the region. The pure Lake ores enable the 
low amounts of coke to the ton of iron, as the amount of fuel 
is rapidly augmented when the sterile material in the ore i 
This fact often not considered isthe explanation of the large ar 
fuel us. in regions of the State smelting low grade ores. 

The Mahoning Valley «istrict, including Cleveland, is a 
the principal iron producing region of the State, its total pr 
exceeding that of the other districts. The establishments are | 
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lete, though the total number is less considerably than in some of 
other districts. The production capacity of the fifteen establish- 
8, given in the tabular statement, is about 586,000 tons of iron a 
, and omitting the Cleveland furnaces the production capacity of 
Mahoning and Trumbull county furnaces (18 stacks) is 393,000 tons 
000 Ibs. The actual production of pig-iron in these counties for 
was, according to the official reports of the Iron and Steel Asso- 
on, 245,737 net tons. 
The industry, however, does not belong so peculiarly to Ohio as 
of the other districts, the ores and fuel being so largely derived 
other States, and the enormous industry owing its growth largely 
1e advantages the location offers as a meeting ground for the Lake 
and the Pennsylvaniacoke. The furnaces, in their complete equip- 
| and large capacity, resemble the establishments of Pennsylvania 
the east, and differ radically from the smaller works in the other 
icts where the native ores are a prominent factor in the working, 
which have therefore a more distinctive character in their arrange- 
t to meet local contingencies. 
In regard to economy of working and fuel consumption, the fur- 
s of this district will compare favorably with any. The figures 
e given show a coke consumption of only 1.19 to 1.33 tons to 
ton of pig-iron made, assuming, as is undoubtedly correct, that the 
coal only contributes the coke it will furnish as real fuel in the fur- 
.. The gaseous matter is all expelled at too low a temperature to 
/ any influence as a reducing agent, and probably only acts as a 
consumer instead of producer, as some heat is required to expel 
volatile carbonaceous matter. 
A coke production of.60 per cent. in the Brier Hill coal is also 
ned. 
Taking Bell’s figures (Chemical Phenomena of Iron Smelting, p. 15) 
Jlarence Works, as the best English working at that date, 1.12 tons 
for 1 ton iron is given, of course using a leaner ore than in the 
of the furnace from which the above figures were taken, which 
an exceptionally rich mixture. As the course of iron smelting 
been continually toward larger production per ton of coal, the 
duction of better stoves and the mure careful regulation of flux and 
mixture will probably yet reduce the above already low figures. 


The details of the furnaces and machinery in this district, together 
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with a discussion of the ores and fluxes, will appear elsewhere 
part of this report treating of furnaces and modes of smelting. 


The Tuscarawas Region. 


This region, as is shown by the table of furnaces, is at 
represented by but two furnaces in operation, one at Massillon : 
at Canal Dover. 

The ore of the region is the famous blackband deposit, ! 
the Massillon coal, which is used raw in the furnace. 

The ore forms one of the most remarkable deposits of tl 
Coal Measures; it has been known and used in this district for | 
years, and large developments of it have been made. The lin 
extent of the deposit will be found defined and discussed in the 
on iron ores. 

The beneficial results which have attended smelting tl 
crystalline ores of Lake Superior, etc., with the argillaceous ore 
Coal Measures, would render the importation and mixture of th 
with the blackband a very important addition to the resource: 
region. 

The blackband is a black bituminous shale, containing : 
iron as to make it valuable as an ore. In appearance it resem 
ordinary black shales of the.Coal Measures so closely, that 
familiar with its peculiar features would be very easily misled as 
its true character. Its specific gravity, however, is comparative 
In weathering the blackband changes to a grayish color, and br 
into thin laminae or scales, which resemble most anything rat! 
an ore of iron. By testing their weight, however, their great 
gravity will suggest their ferriferous character. 

The ore is subject to great variations, both in thickness and 
and, though its average thickness may be stated as about 10 f 
sometimes cut out entirely by sandstone, but sometimes it att 
thickness of 16 feet. Not unfrequently it passes into a bit 
shale, valueless as an ore, and at other times becoming thin, i 
sented only by an accumulation of kidney ore. In some locali 
associated with a calcareous iron ore, whose position is imm 
above the blackband. This calcareous ore, which elsewhere i 
ferriferous limestone, has been extensively mined in eastern Tu 
county, as on the property of the old Zoar Furnace, in Fairfie 
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and is known as the “Mountain ore.” The blackband iron ore, 
1 is the basis of the celebrated Scotch iron region, resembles the 
band of the Tuscarawas Valley. The Scotch blackband ore seams 
so limited in their extent, and are rarely continuous over any very 
area without change of composition. Though the Scotch ores are 
times found 5 feet or more in thickness, they average only from 6 
> inches. In richness, however, the Tuscarawas blackhand is 
or to the Scotch ores, as while the former yields about 25 per cent., 
utter contain 30 to 40 per cent. of metallic iron in the raw state.* 
Tuscarawas blackband is also less rich than the blackband of the 
ning Valley, before alluded to. The following analyses of the 
ised at the Dover Furnace will show the composition of, the ore, 
in its raw and calcined state: | 





Raw. Calcined. 

BPOClNG GPA VIC sisccissncewsticcscevarssarceexgueisteasssssantensine 2.821 8.411 
Carbonic acid... ne 15.00 
WW OLE asses siacws accep wien as ancatea oeneieecupcaueteneicenicnecwecanen aaa 0.25 
Volatilö matter... nn „ 21.10 EEE 
BiliClOUS Waller... 26.22 17.02 
Iron PETOXIG ni en arenes 8.79 75.00 
Iroön proßozidd. na 23.02 . ere 
ALOR nern - 0.70 0.60 
MST OGG ran „ 1.70 1.65 
Lime... 00er 1.70 2.80 
MAT GOLA: ne nee 0.88 1.48 
Phosphöric acid es 0.492 0.778 
Bt Ea OP as aan 0.11 trace. 

99.712 99.578 
Metallic 1700... une 24.06 52.5 


The blackband has been mined chiefly by stripping the outcrop and 
rying on the face of the stratum. A wall of the ore thus exposed, 
r more feet in height, and several hundred feet long, is a sight of 
ttle interest. The ore has thus been very generally worked by 
le quarrying, though now considerable is obtained by a regular 
m of mining by drifts and galleries, as in working a coal seam. 
great thickness of the bed renders this method easily applicable, 
in this manner the ore may be mined for 75 cents per ton, one man 


auerman’s Metallurgy of Iron. 


30 G. 
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easily producing 3 tons per day. When mined, the ore is usu: 
cined on the spot in heaps, and the burnt ore then transportec 
smelting furnaces. In building the piles, the ore is placec 
edge, so as to facilitate the operation. Considerable quantities 
have been heretofore mixed with the ore in the heaps, though 
that there is sufficient carbonaceous matter in the blackband | 
produce the calcination when once the combustion has been 
The fuel that has been used for this purpose is the underlying « 
7, which contains considerable sulphur, and hence is disadvan 
as it contaminates the ore with the ash and increases the am 
foreign matter. The fact of the coal thus adding impuritie: 
ore, which affect the quality of the iron, is becoming und 
and less is now being used, though any fuel beyond the 
required to start the pile seems hardly necessary, The o1 
easily reducible and fusible, that notwithstanding the care 
may be taken in calcining it, large masses become cement 
gether in the hottest parts of the pile, and if the heat has b 
high, these masses or “loups” are so hard as to require severe | 
remove and break them up. In calcining, the ore loses consi 
as fine dust, which is separated by screening, but it becomes e: 
by the expulsion of the volatile matter from an ore of 25 per : 
one containing 50 per cent. of metallic iron. At the Massill 
Dover furnaces there are consumed about 2 tons to 2% tons o 
make a ton of pig-iron. ‘The value of this ore, of course, 
owing to different circumstances, but in 1879-80 it was wortl 
neighborhood of $2.50 to $2.75 at the furnaces. Beside the blackb 
some little “ Mountain ore,” the calcareous ore overlying the bla 
in places, is used, but the quantity is not large. It is of but lo 
portance, and has been obtained chiefly in the eastern part of T 
was county, in Fairfieldtownship. The ore is subjected to calcin: 
heap, as is usually done with ores of its class. As an ore it is 
valued. Nodular clay ironstone, “kidney” or “shell” ore is ol 
in some quantity, but the supply is derived from surface picking 
the accumulation in the valleys and runs, where they have been 
ered and accumulated from the shales which bear them. 
Horizons specially rich in these ores in the Coal Measure 
already been referred to, as the shales over Coal No. 5, the N 
Point or Newberry seam at Mineral Point and other places ii 
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was county, and in some localities the horizon of the blackband. 
nowhere, however, as in the other parts of Ohio, are the kidneys in 
cient abundance in the shales to pay for their extraction by mining. 
hin the last two or three years the Lake Superior ores have been 
with the native ores at Massillon. These Lake ores were tried at 
sillon many years ago, but from about 1870 till recently were not 
|in this district. 

Several years ago the Dover Furnace used largely coke made from 
1 No. 5, the Newberry or Tunnel seam, from the Tunnel mines in | 
jy township. This coal contains considerable sulphur, does not make a 
good coke, and its use is entirely superseded by the Massillon coal 
ch now is the fuel used by the furnaces at Dover and Massillon. 
- Massillon coal has been mined principally within a distance of 10. 
‚5 miles northwest and west from Massillon. The Massillon coal, 
yoal No. 1, is the lowest coal in the series, and the equivalent of the 
k coal of the Mahoning Valley, which it resembles very closely. 
Massillon coal is equally pure, but it is not so dry a coal, and con- 
s a larger proportion of bituminous matter. It is nevertheless an 
llent open-burning coal, and, though it is said that a coke of fair 
lity can be made from it, its use raw in the furnaces has been so 
vessful that it is used altogether in the raw state. The following 
lysis, made by Prof. Wormley, will illustrate its composition : 


\ Wittow Bank. 
SPOCHG SA VICY nenne 1.247 
MoOlBture une euere ee 695 
Volatile combustible matter ......... sccccssssccssscccccccsscoccescccccccvecsccs 32.88 
Fizel Carbon 2... 67.49 
PNP ses see 
AB ea 1.80 
100. 
Sulpbür u... 000er namen 0.79 


The coal in 1870-73 was valued at the mines at $2.50 to $2.75 or 
00 per ton at Massillon. This coal also resembles very closely the 
int coal of Scotland, which is the fuel used in smelting the Scotch 
ckbands. Before the introduction of the hot-blast the Scotch coal 
3 always coked, but now it is used altogether in the raw state. 

The furnaces of the Tuscarawas region use the hot-blast and 
uire from 3.5 to 4.00 tons of coal per ton of iron. This amount ot 
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fuel is very excessive, and there is no possible doubt that by in 
ments in the furnaces, and better utilization of the waste gas 
the consumption might be reduced. 

Considering that the coal yields but 60 per cent. of fixed 
or coke (the volatile matter probably is all expelled before 
have much, if any, action of reduction), the fuel consumption 
valent to 2 to 24 tons of coke per ton of iron. 

The Connellsville coke, as in the Mahoning Valley, will p 
acquire greater importance as a fuel in this district. The low r 
which: this remarkable fuel is at present furnished is leadin 
greater and greater use. The Tuscarawas Valley region ha 
behind the other districts of the State in rate of developme 
different times extensive attempts have been made to develo; 
thus far with limited success. Large works were started at ‘‘G 
Port Washington,” two large furnaces, 70 by 173, being built an 
equipped, intended to smelt the Tuscarawas blackband ores w 
coal and coke, made from the coal found at that point. A fte 
years the furnaces were sold and removed to Pittsburgh. T 
character of the blackband ores has become more and more a] 
and their smelting as a source of iron to compete with that prod 
the Mahoning Valley from the richer Lake ores has been rs 
expensive experiment. 

The district is at present represented by but the two furnace 
spoken of, which together have an estimated capacity of onl 
21,000 tons, and the total production of Stark and Tuscarawas « 
for the census year was not over 17,000 tons. 


Eastern Ohio, or the Steubenville and Wheeling Region. 


The region of the iron manufacture in Ohio which is se 
under this division, embraces a number of furnaces in the easte 
of the State on or near the Ohio River, which are removed 
siderable distances from each other, but as a group use cok 
almost exclusive fuel. Their geographical position also separat 
from the other iron centers of the State. The ores employed 
Missouri and Lake Superior specular and hematites, with, at L« 
an admixture of native Coal Measure ores. The establishme: 
included are the two blast-furnaces of the Cherry Valley Iron 
and the two of the Grafton Iron Works, at Leetonia, in Colu 
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iy, the two furnaces of the Jefferson Iron Works at Steubenville, 
urnace of the Steubenville Furnace and Iron Company, and the 
Mingo Furnaces, in Jefferson county, the Benwood Furnace at 
in’s Ferry, and the furnace of the Bellaire Nail Works at Bellaire, 
elmont county. The quality of iron principally made by these 
ces is a forge iron for conversion into wrought iron by the puddling 
ss in the rolling-mills; considerable quantities of a higher grade of 
are also obtained specially adapted for foundry purposes. 
Beside the blast-furnaces of the region, there are several rolling- 
producing different kinds of merchantable wrought iron, many 
e blast-furnaces being run in connection with such works pro- 
ig the pig-iron for conversion into wrought iron, as at the Cherry 
2y Iron Works, the Bellaire Nail Works, and others. 
The facilities for transportation in this region are: first, the Ohio 
r, which is at present almost always navigable as far as Wheeling, 
subject to changes in the level of the river, to Pittsburgh. The 
puri ores are thus directly shipped from St. Louis by boat, and dis- 
‘ed at the works along the river, and markets are rendered cheaply 
sible from Pittsburgh to St. Louis, and all points on the waters of 
Yhio and Mississippi. Though as a means of communication the 
is in certain seasons of the year quite uncertain, the improvements 
h must sooner or later be made in its navigation, will fix the river 
3 natural position as the great and cheap highway of the Ohio 
2y. Second, the railway systems. In an east and west direction 
egion is intersected by two great trunk lines, the Pittsburgh, Cin- 
ti and St. Louis Railway from Pittsburgh, passing through Steuben- 
‚and thence through Newark, Columbus, Cincinnati, etc., and the 
more and Ohio Railway from Baltimore, passing through Wheeling, 
ire, and westward to Newark, Columbus, etc., and to the Lake 
n at Sandusky. In a north direction communication is had at 
nt from Wheeling through Steubenville, etc., to Pittsburgh, and to 
Erie at Cleveland, by the C. & P. R. R. By this route the Lake 
rior ores are now distributed to the furnaces on the Ohio. 
Not included in these systems of communication, Leetonia is on 
ine of the Pittsburgh, Ft. Wayne and Chicago Railway, which 
s east and west through the State, and communication is also had 
the region of the Mahoning Valley and Cleveland by the N. Y., 
O., New Lisbon Branch. 
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This region of the iron manufacture in Ohio is entirely withi 
area of the Coal Measures, and in the eastern margin of their dev 
ment in Ohio, and in an east and west direction nearly in the cen 
the Allegheny Coal Basin. In the northern part of the regio 
Columbiana and Jefferson counties, the coals of the Lower Coal ] 
ures are finely developed, while in southern Jefferson and Belmor 
upper series of coals come in, and at Wheeling the great bed o 
Upper Coal Measures, Coal No. 8, or the Pittsburgh coal, is ma 
cently exposed. In a general discussion of the iron manufactt 
the Allegheny Coal Basin, this region, from the conditions of or 
fuel and its geographical relations, would be properly included | 
group embracing the Pittsburgh region. The ores are the sam 
probably can be obtained in the Ohio region as readily and ch 
as at Pittsburgh. | 

The ores which supply the manufacture in this region are, exc 
a small quantity of native ores which are sometimes used, especit 
Leetonia, exclusively obtained from other States, namely, the sp 
ores of Iron Mountain and Pilot Knob, in Missouri; the specul: 
magnetic of Lake Superior, and occasionally the magnetic o 
Canada. The native ores which are used are the clay ironsto 
kidney ores of the Coal Measures. The quite wide distribution of 
ores, and the particular accumulations at certain horizons in the . 
Coal Measures are repeatedly referred to, but they are obtained 
small proportions that they are but a very unimportant element 
iron manufacture of the region. In Columbiana county at v 
places, as at Leetonia, Fredericktown, and the valley of the B 
the roof shale of Coal No. 6 is locally impregnated with iron s 
form a blackband iron ore, but it is not used in any of the fw 
Over Coal No. 4a the limestone seam (the “Creek vein” « 
Yellow Creek Valley), in Columbiana county, the kidney ore i: 
abundant, and is found sometimes in tiers of nodules distributed tk 
10 or 15 feet of shale. The upper part of the limestone is s 
places sometimes a calcareous iron ore, as in the valley of the B 
Over Coal No. 6, the Leetonia seam, (the “Strip vein” of the ! 
Creek), there are also found quite considerable quantities of | 
ore in the Yellow Creek Valley. _ 

At Irondale the nodules were so abundantly scattered throu 
12 feet of shale overlying the place of the coal, that an attem 
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le to mine for them, but they were not found in paying quantities, 
, although they were an excellent ore, the attempt was abandoned. 
Collinwood, near Linton, the ore at this horizon was so plenty that 
e expectations were built upon its utilization, but these expecta- 
s have not been realized. Numerous analyses of these Collinwood 
; were published in the report of Prof. Newberry, in the Geological 
ort for 1870, p. 49. Considerable amounts of these kidneys are 
iined, especially in Columbiana county—some by stripping the beds, 
principally from the gravels of the valleys and creek bottoms 
re they have accumulated from the degradation of their enclosing 
tum; the heavy iron ore remaining while the lighter material was 
hed away. From what has been said of the occurrence of these 
it is not at all likely that they will be found in quantities sufficient 
ustain mining. . 

Concerning the character of the ores of the Pilot Knob, Iron 
untain, etc., in Missouri, and those from the Lake Superior district, 
ugh has probably already been said when speaking of the general 
ditions of the manufacture of iron in Ohio, and of the region of the 
honing Valley. The furnace establishments are organizations en- 
ly separate from the proprietorships of the mines in these other 
tes, and the ores are obtained from these mining companies at a 
e fixed by contract, and fluctuating with the activity of the 
‘ket. The contract system is the very general custom, and contracts 
usually made in the early part of the winter at so much per 
, delivered at various times during the following year, for the 
ke Superior ores at Cleveland, or some port on the Lake, and for 
ssouri ore, delivered at St. Louis. Hence, it will be seen the pro- 
tion of these ores used will depend upon the favorable terms with which 
tracts can be made with these two ore regions. The proportion used 
not vary much, however, from about 50 per cent. of the Missouri 
s, and 50 per cent. of the Lake Superior ore. But at Leetonia and 
ndale little of the Missouri ores is obtained (probably because of 
expense of a trans-shipment at the river), the chief dependence being 
yn the Lake Superior ores. 

Some small quantities of the Canadian magnetites from the region 
th of Kingston, on Lake Ontario, on the Rideau Canal, etc., have 
:n used in this region, especially at Irondale and Leetonia. The 
aracter of these ores is somewhat variable, and they are not desir- 
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able ores to use in large proportions, because of the impu 
which they contain, viz., sulphur and titanium. Most all of the 
titaniferous, many of them containing from 10 to 12 per cent. of ti 
acid, which is one of the most objectionable substances to contend 
in smelting the ores of iron. 

The “Clinton ore” of Wayne Co., New York, which i is precise! 
same in character as the “flax-seed” ore of Dodge county, Wisconsit 
the “ Dyestone”’ ore of Tennessee, has been used at Irondale in 
small proportions. The ore contains as a principal impurity, 
phorus, which gives a cold short and. hard character to the iron 
from it. This, however, is considered as a favorable mixture, espe 
for the wearing surface of rails, where a particularly hard surf 
desired. 

The Mingo furnaces, in 1873, used some limonite ores from 
tucky, in the vicinity of Louisville, and from Alabama. The or 
of excellent quality for admixture with the hard crystalline ores of 
souri and Lake Superior, and their more general use in such co 
tion would undoubtedly favor the regular working of the furnace. 

In this connection mention might properly be made of a fact ı 
is patent to all rolling-mill proprietors, that the variations in the 
and proportion of materials used in the blast furnace entail a cl 
in the character of the iron. That pig-irons made from different 
terials entail some differences in the process of puddling an 
character of the finished iron is well known. Thus in many ca: 
the,west, and to a greater or less extent in the United States, th 
ling-mill proprietor, in purchasing an iron, it may be from the 
furnace, is not always postive of its uniformity and consequently c 
product. This is a complaint which is very often made of our A 
can pig-iron, wrought-irons and steels, when comparing them 
English makes, that they are not uniform in quality, while the 
are. A furnace or a rolling-mill which produces constantly an ir 
an established and well-known quality, will obtain higher prices 
other makers for their product. 

The flux which is used in the region is readily obtainable fro 
numerous limestone strata of the Coal Measures. In Columbiana c 
are the two limestones which may be associated with the lime 
seams of coal. On the Yellow Creek, Steubenville and Ming 
chief source is from the stratum of excellent limestone, the “ Foss: 
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imestone,” of the barren coal measures, which is so important a 
re of the Coal Measures, from Linton to some distance below 
enville. At Bellaire, Wheeling, efg., there is an inexhaustible 
y of limestone in the stratum, immediately overlying Coal No. 8, 
ittsburgh coal, usually about 20 feet thick. Some portions of 
re sent up the river and used at Steubenville and Mingo. This 
e same stratum from which the furnaces obtain their supply at 
burgh. Analyses of these limestones have been made by Dr. 
nley, and appear in the report of the Chemist (Report of 1870). 
As has been said, the fuel of this region is almost entirely Connells- 
coke. At Leetonia, however, and at Steubenville some coke is 
: from the Ohio coal, the furnaces of the Cherry Valley Iron 
cs using almost entirely, coke made in bee hive ovens at the fur- 
The Gratton works also have some fifty ovens, and while they 
1ase a large amount of Connellsville coke, also, when prices of labor 
:oal are favorable, run on coke made at their works. 
As at many other works in the State, mill cinder is largely used in 
nanufacture of iron at the various works in the Steubenville dis- 
The peculiar character of this material in its relation to smelting 
be discussed further on. | 


The Hocking Valley District. 


The iron works designated as belonging to this region comprise 
situated in Hocking, Perry and Athens counties. They form a 
active class of works, using the native ores of the Lower Coal 
ures and the famous furnace coals of the Hocking Valley. They 
sllied to the numerous charcoal furnaces of the Hanging Rock 
n, representing the application of raw coal to much the same class 
es as the charcoal furnaces smelt with charcoal. The furnaces are 
ly of recent date and present peculiarities of working of much in- 
t to the metallurgist. Of late years the Lake Superior ores have 
used more and more in mixture with the native ores, these latter 
ng somewhat disappointed the expectation at first entertained as to 
richness and purity. The establishment of railroads all through 
‘istrict has followed its mineral development, and it is now, through 
‘olumbus & Hocking Valley and the Ohio Central Railroad brought 
into communication with the railway system of the State. The 
sof the valley are mostly comprised between Logan, Hocking 
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county, Floodwood, on the Hocking river, in Athens county, and 
hala in Perry county, in a triangular space about 15 by 18 miles. ' 
this district, and connected byea system of branch lines with the 
ing Valley, Muskingum Valley and Ohio Central Roads, : lie tl 
naces properly belonging to the Hocking Valley district. 

The native ores are mined at or near the furnaces, eithe 
the furnace property, or are brought in by farmers upon whos 
the exposure occurs, and who during such time as they can spaı 
the ordinary work of their farms, dig ore in small amounts and | 
to the furnaces. The Coal Measure ores, forming beds of fron 
inches to some feet in thickness, crop out along the hill-sides ov 
region. The ore is obtained almost universally by “ stripping,” 
consists in removing the earth and slates from above the bed of 
digging out with pick and shovel, or, in some cases, using “scr 
for the same purpose. This process exposes a shelf or layer 
which is readily removed by breaking or blasting. The extent tc 
the hill can be thus worked into will vary with its steepness, bi 
not often exceed 20 or 30 feet. ) 

When the depth in the hill becomes so great as to render t 
covering of the ore too expensive, the locality is abandoned and 
one worked. ‘ Drifting” for the ore is practiced somewhat, | 
or entries being run into the hill, and the narrow layer of ore 
out. The extent of these drift mines in the Hocking Valley di: 
limited ; in Lawrence county, however, some furnaces, as the 
near Ironton, have established quite extensive mines; there t 
has been tunnelled for a distance of some hundreds of feet, and 
removed by a regular long-wall system of mining, miners fill 
empty space behind with the refuse gangue accompanying the o. 

At present (1883) this mining in a small way has been 
given up, the ore supplies of the furnaces being derived from th 
erties owned by the combination known as J. R. Buchtel & C 
companies being made more independent of the necessarilly un 
supply furnished by this sort of “ farmer mining.” | 


The method of working has led to some curious and son 
rather disastrous results as to variation in quality of ore. The 
place are as a rule essentially carbonates of iron, and where drif 
so as to expose the unaltered ore, present the usual blue or gray : 
ance of a spathic iron or siderite. These carbonates, howeve: 
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ther” or change by the action of the air, rains and frost, to a red, 
ıydrated oxide. These hydrated oxides, containing water in place of 
nic acid, are richer in iron. This, however, would be of but small 
nt, a8 by roasting, both ores would be brought to the same condition, 
it not for the fact that the associated impurities of the ore are to 
fain and sometimes a large extent separated by this same weather- 
o that an ore, which at its outcrop on the hill-side may appear 
and rich, may, as the ore is taken out at greater depths, fall off in 
and increase steadily in percentage of phosphorus and silicon. 
this has led to serious misjudgment in regard to many of the ore 
sits of the Hocking Valley, can not be doubted. 
In fact, in several cases where “ drifting” for ore was undertaken, 
york had to be abandoned, as when the solid ore was reached it be- 
80 lean, passing in some cases into little more than a ferruginous 
stone. The lime being one of the most easily dissolved of the associ- 
of the iron, the surface and outcrop ores are usually low in it, but 
re in depth is liable to contain much more. 
A sample of ore taken from the ore piles at Logan furnace will 
rate this point. The ore was mostly a red or brown limonite or 
ated oxide, and was used for making a charcoal pig of good quality, 
1s the miners were going deeper into the deposit, they found asso- 
d with the red ore an increasing percentage of “ white ore,” a drab 
tered carbonate. This yielded on analysis: 


Billcious WIRULOR ac anna 6.18 

Metallit Iron... puntewoauanes „ 81.80 

Phosphörus u... arena venes sdeeescevsestenainwasnie 1.84 
Lorp, Chemist. 


This extraordinary percentage of phosphorus is not without parallel. 

imple of similar blue ore, taken from a large deposit near Moxa- 
, which had been opened at some expense, and was supposed to be, 
ı analysis made upon the outcrop, of excellent quality, showed : 


This ore tried subsequently in the furnace, yielded a pig-iron which 
so brittle that it could be ground to powder in an ordinary mortar, 
showed on analysis: 
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| The ores of the valley, with the exception of. one or two sts 
deposits, are very difficult to obtain correct: analysis of, owing 
above stated causes. | 
The following, not sib liahed: before, made ai the Tabsrsiar 
State University, during. the last 3 or 4 years, may be of intere: 
samples were in most cases sent to the laboratory by those intere: 
furnaces, and were intended to represent the deposits fairly ; | 








Metallic iron ...........006 sneubweneaeaedwets 35.37 | 36.96 80.20 44.65 
Silicious matter ............0.:ccscscsccscsesees 11.58 2.73 | 15.80 22.15 
Lime .....css0000s0... PER Be 4.47 3.86 2.97 1.12 
Alumina..uc ass EEE EIER ER 1.78 4.82 10.64 9.31 
MapneBia iur 1.23 1.87 1.26 0.42 
Phosphoric acid ..........cccceccecseces sonees 0.60 0.83 |. 0.16 0.41 
Sulphür u. sine een 0.54 0.52 0.15 0.40 
Phosphorus ........scossenoaunnsnesnsene 0.257 0,356 0.07 0.175 


Baird ore—Nelsonville. Chemist, Howard. 

Iron Point ore—Lime and magnesia as carbonates. Chemist, How: 
Baird ore—Bessie Furnace. Chemist, Lord. 

Roasted Limestone ore—Average sample. Chemist, Lord. 

New vein of ore 18 in. thick—20 ft. above Zoar limestone. Chemis 


SP Se 


The native ores of the valley run on the average rather h 
silica and phosphorus. This may be illustrated better, perhs 
the character of the pig-iron than by samples of the ores, as tl 
iron will collect all the phosphorus in the furnace. As the amo 
this element furnished by the fuel and flux is very small, the cc 
in the iron may be, without much error, charged to the ore. 

The following are a series of determinations of phosphorus, 
on samples of pig-iron manufactured from the ores, of the 
Measures : 


Phosphorus.....sesesoroonnssensenene 0.50 | 0.64 | 0.60 | 0.656 | 0.56 | 0.495 | 0.86 | 0.77 | 0.997 | 0.885 | 0.7 


The numbers 1 to 5 are samples made about 1879, the other 
and with, in the last four numbers, some admixture of mill cinde 
Lake ores, so the best native ores may be considered as yielding 
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which will run about 0.6 to 0.7 percent. of phosphorus, or if only 
{rom the’ weathered outcrop be used and carefully selected, the 
ige might run down to about 0.50 per cent. of phosphorus. 

If we assume the average yield of the ore at 40 percent., or 2} tons 
e to 1 ton of iron, the average per cent. of phosphorus would be 
t 0.24. | | 
The yield of the ore is best shown by taking the running of a char- 
furnace using only native ore. A run of 12 weeks at such a fur- 
in Vinton county showed: 

Natveore UBell.. una ae arbseon ..... 4,792,410 Ibe. 

Iron Wal. 895.09 tons of 2,266 lbs. 

This pig-iron contained on analysis 93 per cent. of metallic iron. 
ulating the percentage yielded by this ore, we find 39.4 per cent. 
llic iron in the ore. 

Figures taken from the charging books of a furnace near Ironton, 
x the native ores exclusively, show for three consecutive years the 
wing amounts of ore used: 2.58, 2.57 and 2.75 tons of ore. These 
es are rather higher than those above given, and show a lower 
antage in the ore. 

The limestones used as fluxes in the Hocking Valley may be illus- 
d by the following analyses, made in the University Laboratory at 
mbus : 






1s 











pus matter ............ eubeieaatesseactenetss 5.45 12.1 8.50 
mate Of lime «2... esesece sevseecssceeees 56.80 | 86.9 | 79.01 
mate Of MAQNEBIA ......ccececcececesesees 82.40 0.8 | 16.85 
8, iron and alumina ...............s00008 5.60 0.45 | 0.50 


OUR! aunissresuaiececoniweceecenntevenetaeessuauers 99.75 | 100.26 | 99.86 | 99.99 


Lorp, Chemist. 


1. Maxville limestone, “top rock "—Average of three analyses on different - 
les. 

2. Maxville limestone, “ bottom vein.” 

3. Marion limestone, quarries of Marion Stone Co.—Average of three analyses 
fferent samples. 

4. Columbus limestone— Average of eight analyses on different samples. 

5. Owen’s Quarry, Owen’s Station, Marion county. 
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The following series of partial analyses of samples of limes 
or Baird ore from the Hocking Valley is given. The sampl 
_ sentto the State University Laboratory by furnace-companie 
serve to illustrate the variability of ore passing under the sam 
and found in the same general position: 






Phosphorus ..cerccceccsccsssevesees sovecescsas 
Loss on ignition ............sccscsveescsecanes 28.7 


Lorp, Chemist. 


These ores are variously designated as Baird ore, limest 
gray limestone ore, ore found in limestone vein, etc. 

The average amount of phosphorus in the above series of 
however, would not vary far from the one that was stated befoı 

Want of care in sampling has led to many false analyse 
products of not only this region, but of the State at large, and the 
factory way of taking the mean of a large number of anal; 

"present the only one by which an approximation to the trut 
reached ; unsatisfactory, because one analysis of a carefully : 
sample of ore from a vein is better, as representing its qual 
twenty analyses of pieces supposed to represent the deposit, b 
representing the judgment of ‘the sampler. 

The works of the Hocking Valley are given in the tab! 
naces. The new furnaces at Floodwood Station, on the Colun 
Hocking Valley Railroad, not fully completed, are to be the | 
the valley, with an estimated capacity of nearly 200 tons a d: 
furnaces of this region are using more and more the Lake 
ores, and also considerable mill cinder. This latter material, 1 
abundantly by the rolling-mills, is a cheap and valuable source 
it yields in the neighborhood of 50 per cent. of iron, though 
variable composition, its greatest drawback being its high content 
and phosphorus, though of the latter element its percentagetis e 
uncertain, the “tap-cinder” from the puddling furnace cc 
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ch more than the “ flue-cinder”’ from the reheating furnaces. This 
iability in the mill-cinder has led to some trouble in its use. The 
n is to use Lake ore and mill-cinder in such proportion as to 
ag the phosphorus in the iron sufficiently low to make it of the 
ired quality. If, however, the mixture found satisfactory with one 
de of cinder is to be used with another, which has much more phos- 
rus, & falling off in the quality of the iron will be,at once apparent. 
t this may occur will be shown by the following figures. The 
ples were sent by furnaces as representing cinder in use: 





Lorp, Chemiat.. 


Nos. 5 and 7 are of interest, as they were used in admixture with 
e ore, and the trouble experienced in getting strong iron was charged 
he Lake ore, which on analysis showed, phosphorus, 0.18, present. 

The amount of iron in the cinder is more nearly constant, but 
there are occasionally great variations, but usually accompanied 
change in the appearance of the cinder. A glassy cinder, which 
eared to work poorly, yielded the following analysis: 


VOD ESEL sapeueetseaweunuidanessuaterte 35.88 

Iron sesssncevereienasisvoncsicsniaausascsusivnedys caavevasecie tonucsbesse <elencoineasseaton 35.15 

PIORPDOFUG vassvizsetassesaasisassacsatadenn ai 0.84 
Lorp, Chemis. 


This cinder is exceptional, but still serves to show the possible 
mnt to which the material, so generally accepted as uniform, may 
7. This was not a selected piece, but represented a car-load of mate- 
shipped to a furnace. | 
The total capacity of the iron furnaces of the Hocking Valley 
rict may be estimated at about 150,000 net tons. The production 
880 was nearly 116,000 net tons of 2,000 Ibs., including the Colum- 
and Zanesville furnaces, which properly belong to and are included 
his group of works, as they use the same fuels and ores. By a recent 
nge in the management of several of the furnaces of the Hocking 
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Valley, the Moxahala Furnace at Moxahala, Fannie and XX 
naces at Shawnee, Helen and Lee Furnaces at Orbiston, and. 
day and the new Floodwood Furnaces have been united unde 
management of the Standard Coal and Iron Company, of Colur 
Samuel Thomas, President. 

At Logan, Hocking county, is a charcoal furnace of an ai 
capacity of about 2,000 tons, which is geographically included iı 
district, though more properly associated with the Hanging Rock 
coal furnaces in condition of ores and fuel. 

The coals of the Hocking Valley will be fully discussed i 
report on coal by the Chief Geologist, Prof. Edward Orton, but fo: 
venience of reference the following analyses of the principal fu 
coals, made of samples taken for the Survey, and carefully aver 
are given here: . 


1 2. 
WY BUSY: nennen 6.68 5.26 
Volatile combustible matter.............scsccccsccssscecessecees 85.79 36.12 
PIxOd Carbon: nun 54.13 54.59 
RGD ei are 4.40 4.08 
100. | wo. I 
Bulphür.snannisie nee 0.58 0.64 


1. Coal from Akron Furnace, Buchtel, Hocking county. 
2. Coal from Suydam’s mines, Monday Creek. 
3. Coal from Doe’s mine. 


The details of the smelting and the different works will b 
cussed in the part of this report relating to the metallurgy of the 

The Lake Superior ores used in the Hocking Valley district 
sent most of the well-known mines. They are purchased in lots of v 
amounts by furnace companies from time to time—at present n 
the companies own properties in the Lake region, though there is 
probability that some of the large consolidations recently made | 
firms in this district may, in order to be more dependent of n 
variations, arrange to purchase and develop mines in the Lake Su 
and Canada iron fields. Canada ore of fine quality has been bı 
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‚such “prospects” to the valley for trial already. The price of the 
2 ores in this district is of course, variable, but as a statement of 
verage $6.00 to $7.00 per ton for 58 to 60 per cent. ore may be taken. 
roasted native ore used represents a cost of about $4.40 to $4.50 
ton at the furnaces. These figures represent about the average at 
ent (1883). 

The fuel is the item in which the smelters of this district have 
‘greatest advantage; the coal costs at the furnace but $1.35 to $1.50 per 

Against this low figure, however, comes the large amount required, 

3} tons being used to smelt a ton of iron. The experiment of coking 
coal is to be tried again. Though considered a non-coking coal, 
e ig reason’ to believe that careful work in the right sort of ovens 
ld result in the making of a serviceable furnace coke ; of course to 
of service this coking would follow careful washing. Experiments 
re the coal was crushed very fine and then washed, have yielded 
Its sufficiently favorable te warrant the expectation of ultimate 
ess. | 

The making of such a coke would be of great benefit to the valley, as 
se would reduce greatly the cost and uncertainty of smelting, and 
ld add greatly to the prospects of the region. 

The following summary of a week’s run at one of the best of 
valley furnaces is inserted, showing the mixture used, the fuel, 
len, and flux. The figures were taken from the actual work of the 
ace as shown by its books, kindly furnished by the company for 


purpuse: 


Tims or Run, 6 Days 17 Hours. 


Charges. Pounds 
Lake Ofen ee 197,800 
Native OF6 ....er zerseone nensnnnonssnunnsunnnnsnnsnunnennsanensnszennonnesannsnasene 544,270 
Mill-cinder....... ..... SEEN UNE EEE EHESTEN EURER ERENE ENDEN 131,010 
Limestone .............c.0.. ER sue: oheuieneianedstanceeseenceans 565,610 
Boni ds 1.198,400 


Iron made, 190 tons of 2,268 pounds; hot-blast (about 900°) iron, 
dry and mill. Other figures and analysis will be given when 
‚king especially of the character of the smelting. 


31 G. 
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The Hanging Rock Region. 


The Hanging Rock iron region of Southeastern Ohio and 


eastern Kentucky is one of the oldest iron smelting districts 
the Allegheny mountains, and now one of the principal ce 


iron regions in the United States. The title has been given 
region from the village of Hanging Rock, in Lawrence county 
near which place, as has already been observed, the industry wa: 
in 1826, and which also was formerly the chief point of shipn 
the irons produced by the furnaces of the vicinity. The area so 
is included in a narrow belt of territory, having an extension in 
a north and south direction, with a width on the Ohio River of 
12 and 15 miles, where Ironton may be regarded as situated ce 
as regards its east and west limits. In Kentucky this belt has pı 
an extension of 25 or 30 miles to the south, passing through the c 
of Greenup, Carter, Boyd and Lawrence. In Ohio, extending t 
Scioto, Lawrence, Gallia, Jackson and Vinton counties, to the 
part of Hocking it has a length northward of the Ohio River oft 
65 and 70 miles, the broadest part of the area resting on th 
Within a radius of 25 miles from Ironton, which is about t 
graphical center of the region, is included the most important 
its iron industry, both in Ohio and Kentucky. We are cor 
here, however, only with that part of the area in the State of Ol 
most. of the observations concerning the character and occurr 
the ores, and the conditions of the manufacture in Ohio apply 
equally well to that part of the region in Kentucky. 

The source of the reputation, the wealth and the industry 
Hanging Rock iron region are the rich iron ore deposits lying in 
strata near the base of the Coal Measures, and which extend wit 
uniformity and regularity through the area described. Thes 
ferriferous horizons, however, are quite well marked over th: 
area of the coal fields in Ohio, and in the northeastern part of th 
are probably represented by the ferriferous horizons of coals Ne 
No. 4, which are in places in the northern part of the State ¢ 
economical importance. In Northwestern Pennsylvania the bel 
celebrated ferriferous limestone has been regarded as the equiv. 
these same horizons. Ohio has, however, the most important « 
tration of iron ore at these levels in the southern part of the Sts 
no very valuable quantities have been found north of the ] 
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ver. The abundance and accessibility of these ores in the Hanging 
ck region, and the generous supply of fuel in its extensive forests 
ve furnished materials for an iron industry which was represented in 
io in 1870 by 34 charcoal furnaces, producing 83,900 tons, and 3 _ 
necoal and coke furnaces, producing 28,000 tons. 

The list of the furnaces, on pp. 456-458, showing their distribution 
d dates of establishment, will exhibit very well the progress and present 
portance of the iron industry of this region. The Hanging Rock 
arcoal iron has long possessed a very high reputation in all the 
stern markets for its great purity and fitness for casting purposes 
manding strength. Thus it has been the most favored iron at 
ttsburgh for the fabrication of ordnance for the Government, and is 
w specially valued for the manufacture of car-wheels, and for pro- 
cing superior grades of malleable iron. 

The disappearance of the forests under the demands of the fur- 
ces, which is now so apparent throughout the region, increases every 
ar the difficulty of obtaining the necessary fuel, and marks very 
ainly the fate of the charcoal iron industry. The large amount of 
od necessary to sustain a blast-furnace may be appreciated when it 
known that some 13,000 cords of wood, the yield of 325 to 350 acres 
forest land, are required per year for each furnace. And already a 
mber of furnaces have been abandoned because of the scarcity of 
cessible timber, though the supply of ore has hardly been much 
minished. The use of charcoal must yield, as it has done in all other 
rts of the State, and is now doing in other States, to the more ex- 
ıded employment of mineral fuel. The manufacture of charcoal iron, 
vertheless, will be a matter of considerable importance for some time 
come, and the fine quality and high value of the iron will do much 
foster its production. That the adoption of any systematic course of 
nber-growing, to replace the wood consumed, as is done in Sweden 
d Russia in localities deficient in mineral fuel, is not to be expected 
a country like Ohio, where there are such vast stores of coal, and 
ere the land must be of so much greater value for agricultural pur- 
ses. Economy and intelligent management will do much to prolong 
2 life of a charcoal iron industry, but the increasing value of the fur- 
ce tracts, which are sometimes 10,000 to 12,000 acres in extent, must 
luce the profits of the manufacture. These vast tracts of furnace 
pperty, embracing the larger part of the region, held as they are by 
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a few proprietors for their timber supply, have to a great extent 
passed over in the general settlement and cultivation of the neighb 
portions of the State. And these circumstances have also prevent 
thorough a knowledge of the resources of the region in coal, ete., as v 
have otherwise been the case. The region is about as thinly popul 
and, excepting the Ohio Valley, as isolated and poorly provided 
means of transportation as any portion of the State. The popul 
is almost entirely dependent, directly or indirectly, upon the iro 
dustry, over a large part of Lawrence county. 

The surface of the country in the Hanging Rock region is, li 
much of the eastern part of the State, a constant alternation of 
hills and deeply eroded valleys, which have been cut out of the origi 
level surface of the State by the numerous streams which empty 
the Ohio. The valleys cutting down through the various strata of 
coal, iron ores, etc., present outcrops of these beds in positions sca 
surpassed for their accessibility to the miner. And water, thou 
has been the first miner in cutting out the beds formerly spannin 
valleys, has been, nevertheless, a very wasteful one. As the stra 
have a dip quite uniform and gentle toward the east, never greater 
30 feet per mile, the ores, coals, etc., which on the eastern side o 
region are at or below the bottoms of the valleys, as we go west 
rise until their proper position passes over the summits of the hi 
hills.: Thus the region is limited on the east by the depth of the 
rendering them difficult to win, and on the west by their absence 
the tops of the hills, while between these limits the ores appear o 
hill-sides at various elevations. 

Allusion has already been made to the great extent of some c 
furnace properties, which has prevented the general settlement c 
country, and to a great extent its cultivation, and has scattered the | 
of the manufacture through the region at places more or less ren 
from one another, excepting, however, the few towns where indu 
depending on pig-iron have been established, and where the | 
mineral fuel has rendered the community of industries more practi 

_ Mention may be made here of the towns most importa 
the manufactures of the region and their means of communic 
First, Jackson, in Jackson county, where the excellent “ Jackson 
coal” or the “shaft” coal is the basis of quite flourishing sm 
establishments. At this place the Orange Furnace waa the first fu 
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n the region where raw coal was used with continued success, and 
here it has been employed since 1866. There are now in Jackson four 
last-furnaces using this fuel, and the native ores of the region, viz., 
he Star, Fulton, Globe and Tropic, all the result of the enterprise of the 
icinity, but they are of quite moderate dimensions. Second, Portsmouth 
n the Ohio, st the mouth of the Little Scioto River, and beyond the 
vestern margin of the Coal Measures. Though containing two large 
olling-mills, foundries, etc., it is more important as the chief com- 
nercial town of the region than as a manufacturing center. Being the 
erminus of the Portsmouth branch of the Cincinnati and Marietta Rail- 
oad, Portsmouth is the shipping place and business center of a large 
umber of furnaces in the western part of the iron region. As 
Imost every article of supplies necessary for the maintainance of the 
urnace population is derived from the adjoining parts of the State, the 
cioto Valley, etc., the return trade is of very great importance, and in 
his, Portsmouth is the chief market of the region. Third, Ironton, in 
awrence county, 30 miles up the river from Portsmouth, in 1871 a 
ity of 7,000 inhabitants, is the most important and enterprising manu- 
icturing point in Southern Ohio, besides being the shipping and 
istributing center for the most important part of the Hanging Rock 
scion in Ohio. It is the largest town on the Ohio River above Cin- 
innati which has navigation uninterrupted by the fluctuations of 
1e height of the water. | 

The general position of the iron ores of the region has already been 
ferred to. Very detailed sections, showing their relative positions, 
ay be seen in the reports of the included counties by Prof. Andrews 
. other portions of the Geological Reports, but a short notice may, how- 
ver, be given here of the situation, character and mode of mining of the - 
rincipal ores, while analyses will be given in a subsequent part of this | 
port. 

All the principal ores are found within 300 feet of the base of the 
oal Measures, and the most important horizon, as regards the value of 
e ore and the persistency of its development, the horizon of the “ lime- 
one ore” has already been mentioned as the probable equivalent of 
e ferriferous limestone of Northwestern Pennsylvania. 

The ores are limonites or hydrous peroxides of iron, and to a 
naller extent, calcareous and argillaceous carbonates. The beds were, 
ywever, in their original condition as ongs, probably all carbonates, 
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but the oxidizing actiön of water and atmosphere has changed t 
wherever such action was possible, into hydrous peroxides or limor 
The mining only exceptionally being more than stripping off the 
crop, the part of the beds beyond the action of oxidation where the 
is as a carbonated base furnishes but a small proportion of the ore: 
tained. | 

There are four perfectly distinct and persistent seams of ore, vat 
from 4 to 16 inches in thickness, beside several accumulations of ki 
ore in the accompanying beds of shale. 

The main beds of ore are the “ Limestone ore,” the “ Big Red. 
ore,” the ““ Sand Block ore,” and the “ Little Red Block ore.” Alsoi 
shales above the limestone ore, nodules or kidneys of argillaceous 
ore are found, which often become very abundaut. At diff 
horizons in the region are found other strata of shale which somet 
contain quite important amounts of this kidney, generally, howev« 
a higher level, and commonly known as “top hill ores.” 71 
nodules of kidney ore are never of sufficient abundance to wa 
regular mining operations. 

The limestone ore is by far the most important one of the series, 
in richness and quantity, and the one from which two-thirds of the iı 
made in the region. Its name arises from its position, overlying a 
stone which is one of the most well-marked and persistent featuı 
the geology of the region. This limestone, used constantly as a bas 
in surveying, furnishes the flux for the furnaces of the region, a 
traceable across the Ohio into Kentucky, and northward into Nor 
Ohio. The limestone ore is found in its original state of a carb 
of iron, but mining operations along its outcrop have develop 
mostly as a dark red hydrous peroxide or limonite, lying on the 
stone in a regular bed, averaging about 12 inches thick, althoug 
one or two instances basins have been found 5 feet in thickness. 
“red limestone” is the richest and most valued ore, and contains « 
average about 40 per cent. of metallic iron. It is the most impc 
and widely used ore in the region, and the one more than any 
upon which the high reputation of the Hanging Rock irons has 
dependent. Without the “red limestone” ore in some propor 
there is little iron made in the region, and those furnaces producin 
best quality of pig-iron use it almost exclusively. The ore vari 
character from a hard compat limonite ore to one soft and ochreous 
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quently the mass has hard curling bands running through it which 
re rise to the name of “curly ore.”? The red limestone ore is quite 
re, containing on an average about 10 per cent. of silica, and the 
ount of lime and alumina is never very large in the clean ore. 
anganese is present, on an average, something more than 14 per cent., 
ich, however, is scarcely a proportion large enough to affect the 
ality of the iron directly. Sulphur is present in very small quantities, 
d in the mean of many analyses rarely exceeds $y of one per cent. 
iosphorus, however, is most always present, and is the most consider- 
le of the damaging impurities, there being on an average about „% of 
e per cent. 

The “red limestone” ore extends into the hills to a depth depend- 
z upon its position and the character of the overlying rocks as regards 
eir imperviousness to the action of water, and passes into the un- 
anged carbonate ores, which was probably the original condition of 
e entire stratum. The extent of the change varies considerably, as 
metimes the limonitic or red limestone variety prevails, while at other 
nes the change has not been so extended and the carbonates are more 
undant. The mining operations, however, having been mostly con- 
ed to the outcrops of the seam, the carbonate has always been obtained 
smaller proportions than the oxidized or “red limestone” part. This 
2 is a carbonate more or less calcareous, and the analyses made con- 
n rarely more than 8 or 10 per cent. of the carbonates of lime and 
gnesia, and in the clean ore but very small proportion of alumina. 
ry frequently it passes almost imperceptibly into quite a pure lime- 
ne containing scarcely any iron at all. It is found in two varieties 
the gray and blue limestone ores. The gray limestone cre is some- 
at odlitie in character, being formed of a mass of small granules of 
-bonate of iron cemented together by a calcareous and silicious 
nent, which, on exposure to the weather, softens and crumbles. 
hen burnt, however, the carbonate is oxidized, the mass becoming of 
rick-red color, and though being more difficult to calcine than the 
ier ores, is highly valued for the ease with which it works in the 
nace and the character of the iron produced. The blue limestone 
is a more uniform calcareous ore of the limestone seam, quite hard 
1 compact, and not unfrequently passing into a limestone containing 
le or no iron. These nochanged “limestone” ores vary somewhat 
the iron contained, which is by analysis from 28 to 30 per cent., the 
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blue limestone ore usually being the richer, when roasted th 
reported to yield about 40 per cent. of pig-iron. They conta 
phosphoric acid, but usually more sulphur than the “red lime 
portion of the seam, and as mixture they are found to work exc« 
in the furnace, and to a certain extent are self-fluxing from th 
and alumina contained. In places the limestone seam of ores is 
composed of rounded masses or kidneys, all the varieties being f 
such condition as the “red limestone,” “gray limestone,” an 
limestone kidneys already mentioned. From the rising of the 
as one passes to the west part of the region, it follows that the lin 
ore rises and eventually is wanting entirely in the hills. Thus t 
but little limestone ore obtained on the west side of the Port 
branch of the M. & C. R. R. from Hamden southward, while 
central and eastern part it is almost the exclusive ore. This is t 
seam of ore in the region upon which any regular mining ope 
have been conducted, and the seam being only about 12 inches tl 
requires considerable skill in its extraction. The Hecla Furna 
in the central part of Lawrence county, have for some 10 or IE 
pursued quite extensive mining operations by drifts and shafts, a 
method of extraction is necessarily becoming more extended. 
The Block ores are of much less importance than the ores 
limestone seam already mentioned, and lying beneath this stra 
different depths, from 50 feet and more, are accessible only 
valleys of the western part of the region. They are limonite or 
taining from 30 to 40 per cent. of iron, but are chiefly chs 
ized as being more or less silicious. The name “block ore” aris 
the strata being cut by vertical seams, which divide it into bl 
quite regular shapes. Each of these blocks is oxidized in con 
layers, giving the ore a banded appearance around a central ı 
which is often hollow and sometimes is filled with soft ochre « 
Three beds of these block ores have been recognized. The first 
“Big Red Block” ore, from 6 to 18 inches in thickness, and ab 
feet below the limestone seam; The second, the “Sand Bloc 
about 6 inches in thickness, is about 20 feet below the ‘“‘ Big Red | 
and is generally more silicious in character and poorer in iron t! 
others. Below this, about 40 feet, is the “Little Red Block” o 
seam about 4 inches in thickness, and is usually somewhat richer 
than the “Big Red Block,” to which it is quite similar. In ¢ 
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se block ores may be said to average about 8 or 10 inches, and to 
ld in the furnace about 33 per cent. of iron. They are used in many 
the furnaces of the region, but rarely in a larger proportion than # to 
f the limestone seam. Alone, they are not found to work well from 
ir poverty and silicious character; thus, in 1870, the Empire furnace 
s using ¢ of these ores and + of the limestone and kidney ores, and 
re were required abont 34 tons of ore and from 2 to 4 times the 
ial amount of lime for flux to make a ton of iron. The furnace has 
ce been abandoned. 

Various estimates of the yield of these seams of ore in the entire 
ion have been made, but they can only mislead, as from the manner — 
which the beds have been cut out by the valleys a true estimate of 
territory actually covered by them becomes almost an impossibility. 
of. C. Briggs, jr., of the former Geological Survey, estimates “that 
‘iron region from the Ohio river, near Franklin furnace, northward 
Jackson to the Hocking river, occupies an area equal to an unbroken 
atum 50 miles long and 6 miles wide, capable of yielding 3,000,000 
s of good iron ore to each square mile, and that the quantity of ore is 
great that Jackson, Lawrence and Scioto counties are capable of pro- 
ing 400,000 tons of iron annually for 2,700 years.” This is un- 
stionably an overestimate. We may, however, consider, assuming 
very low figures of 10 inches and specific gravity 3, for the thick- 
s of the ore, that each acre underlaid by it will yield about 2,843 tons 

2,240 lbs.) of iron ore, while the furnace-men estimate about 2,800 
8 per acre. 

Beside these stratified ores mentioned, the shales of the Coal Meas- 
s contain frequently large accumulations of kidney ore, the argilla- 
us carbonate or clay ironstone. They occur in masses from very large 
: to those of quite small dimensions, usually, however, as flattened 
lules about the size of one’s fist. This ore is exceedingly uncertain 
ts distribution, as sometimes the nodules will be so closely approxi- 
fed as to form almost a continuous stratum, while more frequently 
y are scattered without any regularity through the entire bed of 
le. Hence, from their manner of distribution, it is an ore which 
y rarely, if ever, will pay for a regular system of extraction. Quite 
siderable quantities are, however, obtained by stripping, or simply 
collecting them from the surface or the valleys, where they have 
n washed or weathered out from the enclosing rock. This kidney 
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ore is often called “top hill ore” in the region, referring to the | 
of its occurrence, much being found at a considerable elevatio 
the regular ores. It is an ore highly appreciated for its ready 
bility, though on an average it rarely contains more than 33 p 
of iron. The most considerable deposit is found in the bed « 
which usually immediately overlies the limestone seam of ore 
the process of stripping off the shale to obtain the limestone « 
kidneys are separated from the enclosing shale. At different | 
above the stratum other accumulations of kidney ore are als 
but nowhere is any method applied to their exclusive extraction 


A few remarks about the manner of obtaining the ore: 
Hanging Rock region may perhaps be added here with prc 
procuring the ores the furnaces draw their supplies almost entire 
their own estates, and when they are bought, the ores are valued : 
50 cents per ton in the ground. The ore beds, as already me 
have no great thickness, varying from 4 to 18 inches, and thus f 
but one or two exceptions, no regular underground mining op 
have been sustained. On the property ot the Hecla Furnace, h 
considerable quantities have been obtained for several years by 
and by shafts sunk upon the limestone seam. The sections 1 
the valleys through the ore-bearing rocks present continuous < 
of the ore beds, and afford innumerable points of attack. TI 
mode of obtaining the ores is the very simplest possible, and co 
merely digging away the outcropping rock above the ore beds, a 
taking up the ore from the bottom of the excavation, or, as it i 
benching or stripping. The stripping thus advances regularly, 
away the hill-side and extracting the ore, until the limit is: 
when the cost of removing the material over the ore is not re 
the value of the ore obtained. When carefully conducted this 
usually reached when the thickness of the overlying rock is : 
feet for a 12-inch seam of ore. 


Fortunately, in this region the rock usually overlying the 
soft and pretty easily removed clay shale, and in the case of t 
stone ore, the superposed bed of shale contains nodules of clay i 
irregularly distributed, which are separated in the progress of st 
On the great banks of waste thus thrown out in benching, one nm 
as on a natural terrace, for miles in and out of the successive 
and in passing through the region, so far as the eye can reach 
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rked feature in the landscape. The cost of this method of stripping 
be approximately estimated as follows: one man can remove 12 
c yards of earth per day, at a cost of $1.50, or 12% cents per cubic 
Assuming the depth of earth to be 12 feet, and the ore as 1 foot 
hickness, each 12 cubic feet of earth removed will expose 1 cubic 
of ore, which may be removed at 30 cents per cubic yard. The 
per ton of ore will hence be, regarding 12 cubic feet of ore as equal 
ton of 2,240 pounds: 


Removing 5.38 cubic yards of earth, at 123 centa...............00-cceseree $0 66 
Removing 0.44 cubic yards of ore, at 80 Cents...............secceessseeeees 0 13 
Cost of stripping per ton Of OF ........0....c0sescecceseesences soeses $0 79 


For a seam of 6 inches the cost would be on the same estimate, 
6, and for an 18-inch seam, $0.57. In stripping for the ore no very 
matic method has been pursued, for, when the ore is wanted the 
r, or rather ore digger, has much liberty as to where he shall dig 
ore, and he opens the seam much as he may choose, being paid so 
h per ton of 2240 pounds, delivered at the furnace, the company 
ishing the haulage. Benching is unquestionably the cheapest 
iod, and for those ores below 1 foot in thickness the only one 
ible, but for seams of one foot or more, regular mining operations 
d be adapted. The limestone ore, as stated, has been thus obtained 
me instances, and possibly one of the block ores would also warrant 
milar course. The course best adapted would seem to be to run 
| roomy entries, about 100 feet apart, on the seam, either from the 
side, or, where it is deeper, from shafts, and then to connect them by 
lle] galleries. The entries would thus serve for mining out the ore 
ars, and the ore could be removed in the cross galleries by the 
ig-wall system.” This method enables all of the ore to be worked 
and requires but little timbering, for as fast as the ore is stripped 
he refuse can be thrown behind, and the roof allowed to fall in. 
ough estimate of such a course of extraction, less the expense of 
taining the tram-ways, cars, etc., can be approximated as follows, 
ming the cost of mining at $0.75 per cubic yard, and the weight of 
48 187.5 lbs. per cubic foot (specific gravity, 3): in a bed of ore, 1 
thick, each cubic fathom of earth removed yields 36 cubic feet of 
or 3 tons, which will thus cost $2.00 per ton. 

Between the years 1870 and 1873 the value of these different ores 
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as delivered at the furnace was, per ton of 2,240 lbs. on an ave 
the limestone ores, $3.85; for the kidney ores, $3.50; and for t 
ores, $3.25. During 1880 the same ores were valued at $2.75 

Beside these native ores some of the rich hematites of Lake 
and Missouri are brought to the region. The former have bee 
the Logan furnace, while the latter are employed constantly 
proportions at the Belfont furnace in Ironton, and will be als 
used by the other furnaces at that place. In addition. 
employment in the blast-furnace, considerable quantities of the 
ores are consumed by the rolling-mills as “fix” or lining to the 
furnaces. The price of these ores is, however, always high, 
in part compensated by their richness and superior quality. — 
native ores they work in the furnace usually better than wher 
alone, and the native ores producing a red short iron, and the 
and Lake Superior ores a cold short iron, a proper mixture 
produce a neutral iron, or one having neither of these usually o 
able qualities. In 1870 the Lake Superior ores cost about $ 
ton at Logan, and the Missouri $12.00 at Ironton; in 1880 t 
of Missouri ores were about the same. With ood means of tr: 
tion, Ironton should obtain the Lake ores at only a small ad 
any, above their cost at Pittsburgh, while for the Missouri 
more favorably situated. Quite a considerable quantity of the 
or fossil ore from Eastern Tennessee has been brought to Iroı 
because of the phosphorus, which it always contains in notabl. 
tions, it makes a cold short iron, and as a lining or “ fix” for 
furnaces it is useless for the same reason. For a common 
iron, however, it may be successfully used as a mixture in the 
Analyses and more complete descriptions of these ores are giv 
other portion of this report, where iron ores are considered as 
Regarding the other ores, as those of West Virginia, Old Virg 
which may be brought in connection with this region, we are 
but imperfectly informed. 


In preparing the ores for smelting, all the native ores are 
large piles before charging into the furnace. As fast as they ar 
to the furnace the ores are stacked in large piles, which are b 
a bed or grate of timber, and interstratified with fine charc« 
waste breeze, the combustion of which supplies the heat nec« 
their calcination. These piles are often of very large size, o 
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ral thousand tons of ore. They are usually about 10 feet high, 
10 to 20 feet broad at the base, sloping upward to the top, which 
t, and so long, often, that while the burnt ore is being removed from 
end fresh ore is being added at the other. The time necessary for 
calcination depends evidently upon the size of the pile, and also 
need in which the furnace stands in reference to a supply of ore. 
' answer thus at the same time as calcination heaps and storage 
Sometimes they burn for 6 or 8 months, though it is impossible 
tain any accurate information regarding the time, labor, expense of 
etc., consumed in the operation. By burning, the ores lose about 
. 30 per cent. of their original weight, and are proportionally en- 
d in their yield of iron. 
As regards the fuel of the region, mention has already been made 
charcoal forms the exclusive material used in 34 of the 41 furnaces, 
hat it is only within a few years that attention has been turned to 
mployment of the coals in smelting the ores of the region. The 
ties of wood, most common in the region, are oak, hickory, maple, 
ı, ash, poplar, walnut, and some pine. The magnificent forests 
furnished an abundant supply of charcoal, but its rapid consump- 
as stated, has caused the abandonment of some furnaces, while 
s more provident, permitting the growth of new timber, after the 
of 20 or 25 years, are now cutting a second growth for charcoal. 
reported also that in some instances a third growth is being 
ned from the same land. The amount of charcoal consumed 
ally by a furnace, may be illustrated by the following statements 
iy furnished by the proprietors of the Pine Grove and Hecla 
ces: Pine Grove, hot-blast furnace, in 1869, produced 3,102 tons 
268 lbs.) of iron, and consumed 11,045 cords of wood, which yielded 
bushels per cord, or 406,456 bushels, or at the rate of 131 bushels 
arcoal, or 3.56 cords of wood per ton of iron. The Hecla, cold- 
furnace, in 1867, for a blast of 218 days, made 1,980 tons (2,268 
of iron, and consumed 393,000 bushels of charcoal, or 201 bushels 
on of iron. It is usually stated that a furnace will consume the 
from 250 acres of land per year, hence to ensure a perpetual 
y of timber by allowing its regrowth where once cut, such a furnace 
d require from 800 to 1,000 acres of wooded land. The wood is 
-d at about 50 cents per cord in the tree. The charcoal made and 
ered at the furnace was estimated in 1870-71 to cost on an average 
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87, cents per bushel. All this work of cutting the wood and 
the charcoal is performed by contracts, so much being made pel 
200 bushels of charcoal delivered at the furnace by the furnac 
The special mode of charcoal making is more fully describ 
sequently ; it will suffice to say here, that it is all made it 
piles, which are built convenient to the wood to be used, an 
easy access to water, which is essential. These piles contain ab 
80 cords of wood, and the operation lasts about 21 days, yieldi: 
38 to 40 bushels of charcoal] per cord. From the hilly characte 
country, and the general roughness of the roads, this method s 
one best adapted, as a team which could not draw a couple of 
wood can easily haul 5 cords when converted into charcoal. T 
is usually felled in ‘the winter, and the clearing takes place ir 
and fall. The charcoal is drawn to the furnaces, where it is 
sheds, by large wagons holding about 200 bushels, and requir 
4or 5 yoke of oxen. The loss from abrasion is consequently q 
siderable, but the waste is utilized in burning the ores. 


The consumption of charcoal per ton of iron is given elsev 
the furnaces as accurately as it could be ascertained, but the 
consumption may be stated as 155 bushels, or allowing 20 
bushel, 31 cwt. per ton (2,268 lbs.) of iron with hot-blast, 
bushels, or 43 cwt. per ton (2,268 lbs.) of iron with cold-blast. 


The coals used in this region are discussed in the report 
and will not be treated expressly here. Theuseofcharcoal is soc 
istic of this region that the above review of its manufacture is i 
in order to understand the economic relations of the charcoal 
dustry. A few additional data relative to the growth of ti: 
yield of charcoal, collected since the above was written, by Mr. 
may be added here. The growing scarcity of wood has le 
recutting of considerable of the land on which second and thir 
timber is found. 


The timber land, as originally found, yielded about 40 cor 
acre, along and near the Ohio river; back in the country pı 
little less. . On recutting this same land, after an interval of ‘ 
the yield was in the neighborhood of 20 cords to the acre, and a 
to the estimates given by the furnaces recutting timber, th 
increase over this figure for the next 20 years was about at the 
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acre, so that at 45 years the original 40 cords to the acre would 
1ed; this rate, however, will hardly hold to that extent. 

e third crop is more rapid than the second, owing probably to 
that the second: crop comes largely from the seed, while the 
omes from the stump. The above statements were kindly 
d by Mr. John Campbell and Mr. Johnson, of Ironton, whose 
‘perience in charcoal iron smelting makes their statements of 
value. | 

e charcoal is delivered at the furnace by the burners, who are 
the load. The charcoal bushel of the Hanging rock region is 
8 cubic inches, and 200 bushels nominally make a load. These 
cut the timber either on their own or on the company’s land 
the fall and winter, from about October to April, and they 
ring the summer. The universal mode of burning is in piles 
ilers.” The charcoal burner employs the laborers and conducts 
ole operation, having no connection with the company. The 
built on a level piece of ground, the sticks cut about 4 feet 
ing placed on end, and fitted aa closely as possible, all inter- 
eing filled with small wood; the pile is made usually in two 
and when complete is covered with damp leaves and earth. The 
- occupies 10 to 12 days, the building about a week, and the 
y, which is done a little at a time to avoid fire, about 5 or 6 days 


e charcoal delivered at the furnace is measured by the load. 
igons being guaged are filled level, a load being about 200 


e charcoal of most of the furnaces is measured, not weighed, into 
1aces, it being claimed by the men that this method serves better, 
variation in dampness of the charcoal does not affect. the quantity 
the furnace, as would be the case were the charcoal weighed. 
ractice makes it difficult to ascertain fairly the working of the 
8, owing to the want of certainty as to how much a bushel of 
1 weighs. At Pine Grove furnace, near Ironton, the coal 
| is, however, weighed, and taking the sum of the charges for 
r,and the coal received in loads, the average weight then was 23 
the bushel of 2,688 cubic inches. This weight includes the 
3” or partly charred wood, butt-ends of sticks near the bottom of 
rcoal pile ; these brands are received with the charcoal, provided 
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they do not go above a certain proportion. At the furnace quote 
limit is 5 “ baskets” of brands to the load. These “ baskets” hol 
1 to 2 bushels; of course, these brands are specifically much | 
than the charcoal, and increase thus the average weight of the 

As this matter of relation between weight and measure is 
portance, the following figures are given, taken from the journal 
Charcoal Iron Workers’ Association. The bushel is 2,688 cubic 


Furnace, Wood. Weight bushel 
Alabama. Oak and pine. 19.22 
Port Leyden. N. Y. Birch, beech and maple. 23.82 
Midland, Mo. “Hard wood.” 25.00 
Duluth, Minn. “Soft wood.” 17.00 


These figures show how extremely uncertain the estimate by 
is as to the real quantity of fuel used per ton of iron. This subj 
be treated further when discussing smelting. As to quality of cl 
the smelters of the Hanging rock region claim that the second 
“sapling” charcoal is the best, carrying more ore to the bushe 
furnace. Whether this is, as is very probable, due to the increased 
of the bushel, in this smaller and more compact product, the figı 
wanting to decide. 

The Hanging Rock district is one of the oldest in the coun 
the character of the works is generally the same— small furnace 
stacks, and rather light and crude machinery. ‘These subjects 
discussed more fully further on in this report. 

For convenience of reference the following analysis of the 
the district, some made in the Laboratory of the State Unive 
Columbus, and others furnished by the kindness of some of the 
companies in Lawrence county, are here given : 





Phosphoric acid ...........c0-scsccccccscerece senees 0.82 lerne... 408 0.68 
Oxide magnesia NEE eaueaieias sol pvausiscnaesal EROTERLTE TB licvaw evens 
Iron BEE SEEN exomsansuasesmieeumussacensaeuss 89.2 27.0 | 42.98 49.76 


Phosphorus .........cscsee. RER RER REN PESEDEERERR 0.86 | 0.18 29 
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Block ore, Vinton county.—Chemist, Lord. 

Blue ore, Athens county.—Chemist, Lord. 

dre, Pine Grove Furnace.—Ohemist, H. Weber. 

dre, Pine Grove Furnace; Newcastle Red Block.—Chemist, H. Weber. 
Blue Block ore.—Chemist, H. Weber. 


sides the works in the districts above described and discussed in 
there are a few unimportant ones scattered over the State, which 
to no district especially. These are the Manhattan Furnace at 
le, Toledo, Lucas county, and the Maumee and Paulding Fur- 
n Paulding county. They use Lake Superior ores and charcoal. 
timated capacity is about 15,000 tons annually. They represent 
ithern limit of the charcoal iron industry of Michigan, where 
res are reduced by charcoal. 

is completes a review of the geographical distribution of the 
orks of Ohio, together with a discussion of the characteristics as 
and fuel of each district. To avoid repetition the separate works 
‚des of smelting were not treated of, it being thought more desir- 
» make of the metallurgy of iron in the State a separate section, 
te in itself. With this object in view, as many facts relative to the 
of furnaces, treatment of ore, equipment in engines, stoves, etc , 
gures relative to the proportions of ores, fluxes, etc., and the 
of ore to fuel, with analyses of products, as the limited time and 
at the disposal of the Survey would permit, have been collected. 
yh the courtesy and kindness of many of the furnace companies, 
was given to their furnace-books and drawings of furnace lines 
ed, which have been of great assistance in preparing this part of 
rk. 

he treatment of fuel, converting it into coke, forms the subject 
parate chapter. 


THE METALLURGY OF IRON IN OHIO. 


he preparation of the ore in this State consists in most cases of 
'a preliminary roasting more or less complete. The preparation 
ore by washing, used in other parts of the world, has not been 
ıced here. The desirability of special attention to this branch 
paration has been apparent in many parts of the country, where 
32 G. 
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ores somewhat similar to the Ohio limonites and carbonates are f 
With many of the Coal Measure ores used in Ohio, conside 
low grade material and clay are mixed. The introduction of 
material into the furnace tends to bring down the value of the : 
charge and to increase the cost of smelting per ton of iron, to dix 
the effective capacity of the furnace and to render the quality co 
iron less uniform. ‘‘ Washing,” where practiced, consists in a | 
ment of the ore by a stream of water, either over revolving scree 
in sluices, by which the clay and other lighter and injurious mate: 
removed. The charcoal furnaces of Northern Alabama have ad 
in some cases this method of treatment, and it possibly could be 
in the case of some of the Ohio ores with benefit, though their low 
centage of iron would forbid any expensive treatment. The ro: 
of the iron ore previous to smelting is practiced throughout the 
of Ohio. The method in almost universal use is of roasting in 
piles, of which the dimensions vary greatly from district to district 
the character of the ore. The limestone ores and brown hemati 
the southern districts are roasted, either with charcoal breeze or 
raw coal slack. The ore is usually roasted at the furnace, but not 
cases; sometimes, as at several points on the Iron Railroad near 
ton, the ore is brought over to the most convenient distributing | 
and there made into piles and roasted. A similar arrangement i 
ployed by the mining company known as J. R. Buchtel & Co., in 
ton county. This company owns lands along the lines of the Ohi 
West Virginia Railroad, in Vinton and Hocking counties, locat 
or 30 miles along the railroad. The company is composed of a nu 
of the furnace owners of the Hocking Valley, united under the : 
name. The ore is mined at various points, roasted, and sent | 
furnace from three or four stations along the line of the road. 

piles of ore at the Lawrence county charcoal furnaces are built 
leveled space, generally on the bank above the furnace, on an u 
stratum of wood; above this the ore is piled, with alternate lay 
finely broken charcoal, resulting from the screening of the chs 
used in the furnace. The pile is built to a height varying from fi 
six to ten or fifteen feet, and covering a space of ground about te 
in width by sixty or more in length. Frequently several such pil 
built side by side, and in this way cover a square of ground po: 
thirty or forty by fifty or sixty feet. The pile is fired at the bo 
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ire gradually extends through the mass and expels a portion of 
ylatile material (carbonic acid and water). The method of build- 
e piles with coal slack is exactly the same. These piles will con- 
rom a few hundred to a thousand tons of ore. The length of time 
ed to complete the burning will vary from thirty days to six 
, or in the case of some blackbands, some months, according to 
ze of the pile and the kind of fuel, taking more time with coal 
vith charcoal. | 

‘he evils of this method of roasting are numerous. In the first 
the roasting is imperfect, pieces frequently being found among the 
most entirely unburned. | 

. prominent charcoal smelter says in regard to the completeness 
sting : 

or the last ten years in this district there is hardly a furnace that has not 
he serions mistake of burning its ore too lightly. We have done little more 
moke it, then have fed it into our short furnaces, and attempted to make the 
mn. Our ores, and more particularly our gray ores, are especially hard to burn. 
are found in detached masses in the potters’ clay and fire-clay which overlie 
zular vein of the ore, large balls from the size of the fist upwards, and it has 


he universal custom to get them into the wagons somehow, and haul them to 
ns, pile them up, putting a little charcoal breeze under them, and smoke 


nother drawback to this method of pile-roasting is the large 
ıt of ore kept on hand, representing money lying idle. In the 
ig of these piles, besides the evil of incomplete roasting, there is 
liable to occur, either from the addition of too much fuel or the 
of winds, local overheating, resulting in the formation of large 
3 of fused or agglomerated material, known by smelters as loups, of 
alue in the furnace than well roasted ore, tending to cause sticking 
wing of the furnace and irregular working. The composition of 
loups is a silicate of iron, and is similar to that of mill cinder. 
; are not only produced by high heating, but by the presence of 
wer oxides of iron. The higher oxides represented by the hema- 
nd red ores do not form these fusible masses so readily, and hence 
2 roasted in piles with less danger ; whereas, the carbonates repre- 
| py the blackbands and blue limestone ores, containing oxide of 
is protoxide, form loups very -easily, silica making a very fusible 
yund with protoxide of iron, but not with the sesquioxide. | 

‘he cost of this method of roasting is very small, owing to the 
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excessive cheapness and smal] quantity of the fuel used, the amo 
which is about one-tenth that of the ore, though it is not accu 
measured. One object of roasting is the expulsion of sulphur, wt 
quite incompletely attained in piles. And where the ores contaii 
siderable, as is the case with some of the gray ores, the imy 
expulsion of the sulphur may lead to serious trouble in the wo 
This description of the method of roasting in piles applies to & 
furnaces using native ores in the State, the fuel being, as stated, 
coal breeze at the charcoal furnaces, and coal slack at the coal fur 
The use of kilns for roasting ore, which has been found so advant: 
in many parts of the world, has been almost untried in Ohio. . 
Monitor furnace, however, four miles from Ironton, an iron ki 
been built out of the upper part of the mantle of an old furnace 
primitive kiln, consisting of an iron shell about 8 feet in diameter, 
with fire-brick, and supported at the bottom on stone blocks, and h 
a total height of only 17 feet, is charged with ore mixed with ch 
breeze, and the burned ore drawn out at the bottom. This bur 
ore in from twenty-six to thirty hours, the ore is uniformly burne 
does not loup or melt together. This one kiln furnishes | 
enough ore to supply the furnace. The charges in this kiln a 
weighed, and consequently precise figures as to the amount of coa 
could not be obtained, but the filler states that about an inch of | 
was used to a foot of ore. Experience with good English kil 
shown that in proper kiln-roasting one-fifteenth to one-twentie 
weight of the ore is all the fuel that is required. 

The new furnace now being built at Hanging Rock, by N 
Kyle & Co., is to be equipped with kilns built after a slightly mc 
plan, of the “Gjer” kiln. This kiln, having a diameter of 17 
at top, 193 feet at middle, and 13} feet at bottom, is provided 
series of flues by which air is brought to a cone of cast iron in the | 
of the kiln. The advantage of this arrangement is that the 
prevented from overheating, and is fully supplied with air, by 
all the lower oxides of iron are converted to sesquioxides. Fij 
gives a sketch of ths kiln. These are the only cases of kiln-ro 
in the State. . The blackbund ores of Tuscaraway and Stark co 
are roasted in piles with coal slack, or in the case of the Mineral 
blackbands, where the proportion of carbonaceous matter is larg 
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burned without the addition of fuel, being simply made into pil 
irregular shape and allowed to burn. 

The loss of weight in burning varies of course with the cha 
of the ore. It is as high as 40 to 50 per cent. in the blackbands 5; 
of, and as low as 20 to 30 in the limestone ores. After the ore is ro 
and when taken to the furnace it is usually screened to remove th 
portions of the accompanying gangue clay and dirt. This y 
cleaning of the ore constitutes all the further preparation it rec 
going then directly to the furnace. The difference between roaste 
unroasted ore will be shown by the following analyses: 


1 2. 

Protözida 08 Iron. usa 31.16 
Besquioxide Of (Ones. ciccseccssescccanscissoscavasvesnssassarsess 63.78 7.40 

RIEGEL, sce caceccedtacuxnnatecuvaiensntenesctenteceieanuseicosvesacueeniuane 22.15 22.20 
WANG EEE ERST EEE EEE SEEOEE 1.12 8.18 
MAGNOBIA: nee 0.42 1.96 
AlUMIDR 22. 2:0 ore 7.43 6.06 \ 
Oxide of manganese .............csccescessecsesssee sosscsecseseces undet. 0.93 
Carbonic acid and organic matter............0.0ccsscosscceene [roses saccesesos 22.80 
Water au ae sinne 0.95 8.17 
Phosphor una an 0.18 0.06 
Bülphur..nasen ee 0.38 0.12 
Metallic iron =: ui 44.65 29.40 


1. Average sample roasted limestone ore, Bessie Furnace, Straitsville 
2. Gray limestone ore, raw, from Crafton, Hocking Valley, same ore as 
3. Gray limestone ore, Bessie Furnace, same as No. 1. 


The increase in the sulphur in the roasted ore is probably « 
the coal slack used in the pile. 

In other parts of the country the roasting of ores has received 
special attention. Kilns of numerous devices have been bui 
the more perfect roasting of iron ores, and described in the v: 
journals with the object not only of less expense, but more complet 
cination. Of these kilns the Westmann kiln and Taylor kiln m 
mentioned as examples. They have been tried in New Jersey, : 
the Shelby Iron Works of Alabama. Both are particularly adap 
the elimination of sulphur from the ore, this object being accomp 
by the heating of the ore out of contact with the fuel, and in e 
way as to secure an abundant supply of air. 
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je character of the furnaces of the State will be perhaps best 
ed by taking up the different regions somewhat in detail, and 
ing the principal works of each district, beginning with the 
ig Rock region as one of the oldest and most individual regions 
State ; the works of this district are of two classes—the charcoal 
s and bituminous coal furnaces. The charcoal iron industry of 
inging Rock region has been discussed already at some length. 
arcoal furnaces of this district are mostly small, usually provided 
one stacks, and are large square piles of masonry built against the 
a hill, and so located that the top of the furnace is on a level with 
nk on which the ore is burned, the charcoal stored, and in some 
1e buildings of the company located ; below is the casting-house, 
itly a simple wooden shed, sometimes a brick building roofed 
on ; this is connected with the engine-room in which the blowing 
are situated. The boilers of almost all these charcoal furnaces 
ated above the furnaces, and are heated by the combustion of the 
rom the top of the furnaces. The charging is accomplished by 
of ore buggies, the ore being weighed usually on a simple beam 
nd the charcoal almost invariably measured. These furnaces, 
1 generally at some distance from towns of any size, and sur- 
d by timber lands, comprising in some instances from ten to 
thousand acres, form an institution of rather peculiar interest. 
ıe company invariably keep a store at the furnace, which forms 
e of supplies for all the employes of the corporation. These live 
ear the furnaces in small places rented from the company, who 
did formerly, in some cases, pay off their hands in part in orders 
store; of course euch a system as this led to some abuses, which 
se to trouble at one time and another; the profits made by the 
t was claimed, were excessive, and that laborers at the end of | 
ar found that their wages were about all required to cover their 
ccount. That this was the case in some instances there can be 
oubt, one storekeeper stating that (at least during the census 
he store profit averaged sixty per cent. ad valorem. This was 
ly exceptional. ' 

gure II, representing the general arrangement of one of the 
il furnaces of this region, is taken from a plan furnished by Mr. 
ell, of Ironton, and printed in the Journal of the United States 
tion of Charcoal Iron Workers. The works at Ironton com- 
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prise at present one charcoal furnace and five coal and coke fu 
The largest of the stone coal furnaces are the Blanche and 
furnaces, about a mile north of the railroad depot, which were ori 
built on the Ferrie self-coking plan, but have been altered, owin; 
slow working of the system, and are now run regularly as o: 
coke furnaces. One of them, Grace furnace, has however neve 
lined or put in blast. The big furnace is 86 feet high. At 
it is making about 50 tonsa day. The furnace is somewhat 
out, and running on part time. 

The equipment of the works is on a very elaborate plan 
buildings of brick, roofed with iron, conıprise a large and finely eq 
stock-house, casting and boiler-houses. The steam-hoist, which s 
both furnaces, is built with ax iron frame-work and open sides 
furnace has vertical engines and cylindrical boilers. The vlast is 
by Whitwell fire-brick stoves. The works have never run to th 
capacity, owing to difficulties in the management, and in the su 
stock, but are considered as having a capacity of 66 tons a day fı 
stack. A feature of some interest in the works is the method by 
the slags are removed from the furnaces, it being one of the f 
naces providing for this being economically done. The slag is r 
cast-iron buggies through a slag discharge or channel of cast-ir« 
when the buggy is filled it is drawn off on a track to the rive: 
where the slag is dumped. The hot slag-bed, so common at ma 
naces, is thus avoided. Beyond the Etna furnace is the Sarah | 
of H. Campbell & Co., a comparatively new furnace, well eq 
and making over thirty tons of iron per day. The furnace is pr 
with one upright blowing engine, with Whitwell stoves, and is 
the best equipped furnaces in the district. 

The Belfont furnace is situated near the city. Its companic 
Grant, has been quite recently torn down, to make room for the 
Nail Co. now being built. The Belfont furnace makes a spec’ 
mill iron, which is cast into chill-beds or molds of cast-iron inst 
sand ; this chilling diminishes the amount of sand held by the ire 
causes a less destruction of fix in the subsequent operation of pu 
for the manufacture of wrought-iron. 

Maggie furnace, of the New York & Ohio Iron and Steel Cc 
feet in height by 16 in the bosh; it is equipped with Player „ip. 
and two blowing engines, 66 by 54 inches; this furnace is wor 
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ı with the rolling-mill of the company. The other works 
Ohio river in this district are the Monitor furnace, a small 
urnace, which is peculiar in -being built with an iron mantle 
the customary stone stack seen elsewhere in this district ; 
a before mentioned as employing a kiln for roasting ore; and 
ng Rock furnaces of Means, Kyle & Co. This company is 
t present, in addition to the furnaces they already have, a 
< of 16 ft. bosh by 72 ft. height, of which the lines are given 
o. 11. 
urnace is to be equipped with the Gjer kilns spoken of before. 
oal furnaces of the district lying back from the river, and 
rough Lawrence, Scioto and Jackson counties, will be found 
ame and capacity in the table of the furnaces of the State on 
-458. In regard to the outlines of the furnaces of the dis- 
» I, annexed gives as nearly as could be obtained the interior 
number of the best known of these charcoal furnaces. 
following tables give the dimensions of the same furnaces 
h the sketches were made, also the capacities, as closely as 
aleulated, of each furnace, it not having been possible to get 
s exact measurements, but sufficiently close approximations 
ned to give nearly the volumes: 


CHARCOAL FURNACHS.—CAPACITIES IN UUBIC FEET. 











— — 
CE E 
= a = 

‘Furnace. f | sae 3=,; 

= oF vi 7 
: ; = _ = © 
S 4 = z 35 23: 
2 2 «= ıER er fag = 

Be. 96867 | 1944 | 66 eer 17.5 70 

Nedsesssesevaversen| 1,173.66 | 166.26 | 24.09 | 1364.01 11.2 | 122 

= 844.80 | 160.0 | 47.86 | 1,052.70, 163 bd 

ee 1,269.10 | 3144 | 5120 1,634.70 19.3 | 84 

#: 858.30 | 2370 | 4236 1,137.70 15.0 76 

a ae 969.00 | 315.8 | 77.33 | 136213) 150 | 91 

Sie cftih tt Fete ce 563.68 175.06 33.56 7712.02 11,5 hr 

nn: 795.60 | 302.7 | 51.02 | 1,149.30 | 14.0 R2 

ike 850.78 | 2062 | 3148 | 1,08846 | 15.0 72 
in, 1,053.90 | 85 


247.4 | el 1,330.80 15.5 | 
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ÜHARCOAL FURNACES—DIMENSIONS, 
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33 10 6| 6 B B/lll 8/4 a 
38 9 9| 6 9 33 32|11 2 9 
32 10 6 34 80/11 6|8 8/38 
- 40 1 4| 6 32 34 | 12 8 6/8 
Pe 392 6/19 4 32412 6|lı 4 3 
i 36 12 6/ 6 6 32 32 | 11 5 
i 32 6 2 10 9 4 > 
Keystone ...... «| o4 11 3 10/3 
32 ll 6 11 28 
i 38 6 32 11 2 8 





The arrangement of these furnaces is on the plan of the 
ously figured. The lines, it will be noticed, show a rem: 
bosh. This is more noticeable in older furnaces; in relini 
has been usually the plan to make a sharper angle, and s« 
most experienced men of the district state that the advanta 
a change is decided. In the table of capacities is given al 
duction of the furnaces, by which it will be seen that the av 
city of the charcoal furnaces using hot-blast is about seventy 
feet per ton of iron made in 24 hours. The two cold-blas 
Hecla and Jefferson, show such difference that no average ca 
but when with these figures for capacity the fuel consumptio 
the relation between a proper volume and the yield is seen. 
furnace makes a ton of iron with 171 bushels of charcoal, » 
requires 221 bushels to do the same work. 

The capacity of some foreign and other furnaces is her 
sake of comparison. : 

These figures are from recent publications, and repres 
facts. It is to be regretted that so few figures relative t 
furnace practice are published in sufficiently detailed stater 
reliable for exact caleulation. The idea that such matteı 
which should be kept from the public, is, however, getting t t 
of the past, These charcoal furnaces are generally provides 
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ree tuyers; in most of the smaller furnaces using cold-blast, a 
ver is all that is used ; this is the case in Hamden, Hecla and 













Cubic feet to 
Tons ch 
to ton. 





THT eee TTS eee eee Tec P CCC Ce rr eo i a. et 202 
EEE HEHE OE Ce ee CE ee 
(PSP SCC TSS eee et ad PEPPER Pee ED 
Ps EEE EFEHERE sans... Ware 


SPP ST RPGR BREE Se 


[Lu Su u | 


cP Pee — dann. 


OME Ors 
QIESERSER 


re the blast is heated, as is the case in many of the charcoal fur- 
e heating apparatus consists of a pipe-stove, having either 
| or vertical pipes, as shown respectively in either the Wasser- 
or Player patterns ; these stoves are placed on the bank of the 
ind generally heated by the gases which have previously passed 
boilers, an arrangement shown in Figure II. 
blast temperature in charcoal furnaces is usually not high. 
aces are distinguished by cold-blast, warm-blast and hot-blast ; 
-blast being an indefinite quantity, extending to a temperature 
melt zinc or higher; the exact temperature of blast used, 
egistered by so-called pyrometers, is rather a matter of con- 
an knowledge; the faulty construction of the instrument pre- 
ny very great reliance being placed on their indications. The 
nen usually report the temperature of the blast from seven to 
dred degrees Fahrenheit. | 


o the details of construction of these furnaces, the stone stack 
jy been alluded to; these stacks are built of the carboniferous 
‚and are most of them quite old, as will be seen by the dates 
to the table of the works on pp. 456-58. The expense of such 
ympared with the more modern and lighter iron mantle, would 
their being built at the present time. The only charcoal fur- 
t with an iron mantle in the Hanging Rock region is the 
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“Monitor” furnace, four miles from Ironton, the mantel bein; 
by iron pillars, so arranged as to allow freer access to the tu 

The hearths are mostly built of sandstone, and the u 
of the furnace, of fire-brick. The sandstone for the hearths 
abundance in various places in the carboniferous beds. — 
under Coal No. 4, under the gray limestone, between the ble 
ferriferous limestone, and from other localities, are reported 
different furnaces. These stones being easily worked, and ı 
tory, wear well. The fire-bricks for lining are obtained fr 
manufactories in the district, or from several of the well-k 
of Pennsylvania and the east. The tuyers in the cold-bl: 
are generally simple iron nozzles not protected by water; w 
blast is heated at all, the ordinary coil-pipe or plain iron 
is used ; the diameter of the tuyers in the cold-blast furnaces’ 
from 3% to 4 inches, The blast pressure is low, usually fi 
pounds or a little higher in the hot-blast furnaces, 

Many of the furnaces are provided with blowing-engin 
the steam-eylinder is connected with the blowing-cylinder b 
gearing or large cog-wheels, so arranged that the steam-cylii 
from 14 to 2 strokes for each stroke of the air-cylinder; actu 
are 17 of the steam-cylinder, 84 of the air-cylinder; 18 steaı 
12 air-cylinder (strokes per minute). The steam-cylinders a 
inches in diameter, the blast-cylinder is 44 in, by 5 ft, 48 | 
36 in. by 4 ft. These figures, taken from furnaces in bla 
indicate the average. The tuyer is generally set in the hea 
one-half to two-thirds its height; the deep hearth being rat 
teristic. 

The furnaces being bank furnaces, no hoist is usually req 
some cases, as at the ‘“‘ Grant” furnace at Ironton, a water-he 
consisting of a wooden tower in which the elevator runs su: 
wire cables; the arrangement for raising and lowering con 
tank placed in the bottom of each of the two cages, and s 
that when the cage is up, this can be filled with water lifted 
through a connecting pipe. The increase of weight thus g 
down the empty cage, and lifts the full one; on reaching 
the tank empties automatically through an opening in the bot 
is closed by a valve connected with a stem, which opens i 
cage is down. These old water-hoists are curiosities in the ı 
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ment, and give rise to some trouble in cold weather from the 
to freeze, and in this way clog and interfere with the running 
st. Simple water-hoists are found at some other furnaces in 
and will be alluded to further on. 
earths of the furnaces are built, some of them, with a wide 
1, which is closed by a dam and plate exactly as will be found 
in “ Truran,” on the Iron Manufacture of Great Britain, or 
older standard ‘ Treatises” on “ Metallurgy.” In the more 
ned furnaces the dam has been placed nearer the tymp or top 
1, over the opening into the bottom of the furnace, and the 
hearth has been gradually abandoned; the loss of time at 
i, due to the necessity of replacing the tymp-stone and cledn- 
arth is considerable, this operation taking from 1 to:2 hours. 
ious fact in regard to the working of these furnaces of the 
tock region is, that almost without exception work is sus- 
ring Sunday, the furnaces being stopped at 12 o’clock Satur- 
the blast being turned on again at 12 o’clock Sunday night. 
ed by the furnace men in the district that not only is this no 
ge, but in the long run advantageous, as it secures them a 
s of labor and more command over their men. Each of these 
irnaces is of necessity provided with large sheds, placed near 
e and of a capacity of in some cases 400,000 to 500,000 
charcoal. The danger of storing charcoal in large amount is 
fire, a rather serious one, as these charcoal houses have fre- 
en destroyed in this way, entailing of course great loss. As 
et of storage on the charcoal, it is stated that it works rather 
n taken from the storehouse than when worked direct from 
load, the reason assigned being that the charges are more 
wing to the mixture of the material, which being loaded into 
iouse is drawn from what represents the average quality, 
ifferent wagon loads differ enough among themselves to affect 
n between the fuel and ore, and consequently change, though 
ily slightly, the working of the furnace. The greater or less 
of the charcoal produces some effect, but owing to the univer- 
of measuring rather than of weighing the charges, does not 
» ratio of tuel to ore. But even here it is stated that when 
yme in damp from rain, it is necessary to “ lighten the ore 
that is, diminish the amount of ore to a bushel of charcoal. 
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The number of men employed around these charcoal furnac 
14 to 20. 


The method of removing slags from the furnace is usual. 
the slag to run over the top of the dam continuously after it h 
that level. From its acid and viscid character it runs out 
pasty masses or streams for a short distance from the furnace 
caught by an iron grapnel, drawn away from the furnace, tt 
up and carted off. 

The grapnel js attached to a chain, which is wound arou 
worked by a man-power arrangement, consisting of a large whee 
in diameter, provided with spokes or pegs, which a man treads 
tinuous ladder—a prime mover more characteristic of the 
the 19th century. 


The charcoal furnaces are mostly built with an open top, 
with a simple conduit, by which the gases are conducted to t 
and the ore is charged through an opening in the side of thi 
the number of charges is regulated by the speed with which 
descends, its level being ascertained by inserting an iron roc 
measuring the depth. The fluxes used are charged with th 
charcoal charge, separately. 

The throat of the furnace is usually bright or burning, w 
its extremely contracted character, nay possibly partly accou 
large amount of charcoal used in these furnaces. 

The iron produced at most of these charcoal furnaces is 
grade, the cold-blast furnaces producing car-wheel iron of a 
tation. The following analyses will indicate the character | 
the principal irons: 


Graphile nun 
Coniferous carbon........... ....s0.. 





Manganese.......... .cscscsess essen 581 | under. .816 undet. und 
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ecla iron No. 8—Chemists, Chauvenet & Blair. 
ashington Furnace—Chemist, Loomis. 

cla No. 3—Chemist, Prof. Dudley. 

3suvius No. 1—Chemist, Gill. 

ne Grove Furnace—Chemist, W. D. Wood. 

. 1 iron, Hamden Furnace (analyzed for the Survey). 


of the analyses were furnished by furnace companies, and are 
own chemists, whose names are appended to the analyses and 
antee of their accuracy. 

f the most valuable qualities of this car-wheel iron is its 
of chilling, or becoming white and hard when suddenly 
when cast against a cold metal surface. Where such iron is 
is generally cast in a chill bed or series of gutter-shaped 
cast-iron ; this develops the white, hard layer in the pigs. 
s then graded by number according to depth of chill and 
of grain, as shown on the fresh fracture. This. chill may 
being barely perceptible in No. 1 to two-thirds the depth 
ting in Nos. 4 or 5. 

is graded thus at each furnace as it is made; there is, kowie 
‘spondence between the analyses of the metal and the differ- 
‚de,as the following analyses willshow. They represent irons 
t number made at the same furnace, and with the same mix- 
es, etc.; only the amounts of silica and carbon are given, the 
' phosphorus not being subject to variation, unless the ore 
s all present finds its way into the iron. 





1 2. 8 
Be ECO een 8.24 8.43 3.15 


sauaawenguin sinsiasbeneateneneusnvecadssat aysetasisuenceuaas 2.33 2.83 3.85 


ORD, Chemist. 


y No. 1 iron from Hamden furnace. 
2 iron from Hamden farnace. 
or Gray iron from Hamden furnace. 


re made from gray limestone ore with charcoal. No. 3 shows 
»f its silvery character in the high silica percentage. The slags 
in these furnaces are acid silicates ; they are illustrated by the 
analyses, made in the laboratory of the Survey : 
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2 
Alumina and oxide of iron .....ccccccscecsccecseseeseeseneeneee] 22,24 22 
BMG VPE EEE ARRREEPRFEPRRRLTFLFEITFFFITERR PR .. 21.51 20 
COTS DE IENEENONG Sarasin anne naeh asus 1.66 und 
SEN ee EEE 0 
PTGR A ORTIM surasweruninniüäsenn qrbiees snstenserays one senuhrusdnsesaezesl |) AOE no! 


These slags are from Hamden furnace, and accompanie« 
No. 2 and silver gray iron, respectively. 

The silvery irons made in this district owe their pe 
acter to high percentages of silicon, which gives the ligh 
greasy lustre, sometimes so strongly marked; oceasionally 
irons reach unusual percentages in silicon, one from Star 
Jackson, showing 6.62 per cent. of that element. The silica 
pig commands a ready sale for foundry purposes, serving as 
in mixtures; for making wrought-iron it is, however, nearly 
it causes great destruction of fix or ore lining in the pu 
nace, 

A peculiar kind of white iron in large crystals has been 
time to time at various points in the Hocking Valley ar 
Rock districts. It was sent to the University laboratory 
spiegel iron. Analysis showed that it owed its petuliar p 
excessive amounts of phosphorus. 

Of this character was the iron made at Mt. Vernon ft 
what was locally known as the “ Hallelujah ore.” The 
large crystals of a tin-white color; it was hard, but n t so 
dinary white iron; it was extremely brittle, being easily 
powder, and could be broken from the pig in flakes with a 
mer. This iron showed 4.30 per cent. phosphorus ; it was | 
and carbon, being almost a phosphide of iron! 

The ore (Hallelujah ore), from which it was made, show 
lysis 2.14 per cent. of phosphorus, 

As stated before in this report, a quite similar iron was 
the ore deposit near Moxahala furnace. 7 
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e very highly phosphorated irons are interesting rather from a 
cal than a commercial point of view ; still they find a market, 
ad to some extent as softeners in foundry mixtures. The 
ion of the basic steel process would open a wide field of use- 
r these irons. It is possible that trial has been made of them 
urpose, as Mt. Vernon furnace has lately found a special mar- 
lite a quantity of this metal. 


ng the average of the above analyses, the formula of the slag 
to be a bisilicate or one containing half enough base (lime and 
to saturate the silicic acid. The character of the slag corre- 
this formula; it is glassy and thick, and solidifies slowly. | 


iron is unusually high in silicon for a charcoal iron, probably 
he slag is so high in alumina, compared to the lime and ailica, 
it a refractory character and necessitate too high a tempera- 
e furnace. The effect of much silicon appears to be to injure 
y the chilling property of the iron. 


only methods of utilizing the gases of the charcoal furnaces 
. described and figured in connection with Howard furnace, 
I. This method is perhaps as well adapted as any to the 
ount of gas produced in these furnaces, though the large 
f fuel used will result in the production of more gas than 
in charcoal smelting. To make an estimate of the actual 
f gas produced, it is necessary to know the composition of the 
he fuel and the iron produced. Calculations, based on the 
already given, and restated here for reference, may be made, 
give approximate results. Exact results as to amount of gas 
| could only be obtained on knowing the composition of the 
zases. In default of this a fair average composition will be 
making due allowance for the large amounts of fuel used in 
naces, the effect of which will be to largely increase the ratio 
the carbonic acid and carbonic oxide in the gas. 


charges referred to represent the working of one of the best 
furnaces of the Hanging Rock region. The analyses were 
m the furnace records in most cases, and represent well averaged 


G. 
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Ore (limestone). Average. Limestone. 
Sesquioxide of iron ............ 62.30 Carbonate of lime ............. 
Alumina ......... EN EURE EN 7.86 Carbonate of magnesia ...... 
FOUND s ntaied Fiske ssccnsces unononaunan AU 14 Alumina and iron.............. 
1 Pe: SEE PERERIEE 8.09 Billa au 
Manganese ..,........ccccccsvesoee 0.85 
ee ee 0.92 
Weser, Chemist. 
Slag. Iron—Average. 
Billion wossnannssbenienensnsnenns nee 64.68 OAL OOD enter 
BD einen 20.63 Silicon ass. 
BUBBLus aan 23.71 Phosphorus ...........s0ss0002... 
Oxide of iron....eosseenenne nenn 0.32 Ir0n eine <oxsws 


Wener, Chemist. 


Average charges extending over six weeks, taken from 
books: 
Pig-iron per day, 17.5 tons of 2,000 Ibs. 
Limestone per ton iron, 0.365 tons, or 780 lbs. 
Charcoal per ton iron, 1.419 tons. 
(Charcoal weighed, and including 11 per cent. “brands.” ) 
Ore per ton iron, 2.175 tons. 


Of the analysis above given, the limestone and slag are 
furnace ; that of the pig-iron represents the average compo 
shown by analyses published in this report. 

The analysis of the ore is one made by the present Surv 
same ore in a neighboring locality, and represents fairly the av 

The blowing engine had 2 cylinders of 48x50 inches, a 
made an average of 11 strokes per minute. The blast pressure | 
about 3 lbs. The temperature of blast about 800°. 

The amount of carbon in the fuel may be assumed at abot 
cent., the other 10 per cent. being moisture and ash. This es 
based on the mode of making and storing charcoal for use 
easily allows the absorption of this amount of water. 

One ton of pig-iron contains 94 per cent of iron, or 1 
This is derived from the 2.175 tons of ore used, and represent 
of 43 per cent. on the ore. 

The quantity of slag produced in making a ton of iron 
ascertained as follows: 4,350 lbs. of ore minus 2,688 lbs. of ir 
(corresponding to the iron above), leaves 1,662 lbs. of slag. 
elements in the ore. The 730 lbs. of limestone contain 95.84 | 
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ites of lime and magnesia, and 4.16 per cent. silicious matter and 
4, or in pounds furnished to the slag. There is as follows: 


ious matter Of LiMeBtONC..........cccccccsscccssccccscercssceccscessccesescos 30.4 lbs 
3 and magnesia of limestone .............ccceecsscnsscncccseccsscns coseeeee 889.1“ 
Total from limestone ...: nenn 419.5 Ibe. 
> ONG een 1662.0 “ 
= fuel (1.5: per cent.) san. 42.6 “ 
Total slag forming materials...............sscsscssess 2124.1 lbs. 


ducting the silica, etc., absorbed by the iron (2% per cent.), it 
that for each ton of iron made the furnace makes about 1.05 
slag. 

ving to the hot throat of the furnace, and the short stack, it is 
e that all the carbonic acid expelled from the limestone is con- 
nto carbonic oxide. Assuming this to be the case, and also that 
yne-third the carbonic acid produced from the reduction of the . 
2 by the gas is similarly reduced, the following account may 
d: 


on in fuel per ton iron made (2.808 lbs. X .90 per cent.) = 2.554 lbs. 
on required to reduce 304 lbs. carbonic acid in the lime- 





HORB ee ee ae 83 lbs 
third carbon required to reduce the carbonic acid. from 
he ore reduction........“eszesssneosnnonenoonsnnsnsnensnensnsnenen sense. 201 “ 
Carbon lost in going through the furnace............. .. 284 lbs. 
Carbon in iron (8.5 per cent.) .............. saioudnnnpbesiceseas 70 “ 
Carbon to be deducted from the fuel used..............cccess 354 lbs. 
Or carbon actually burnt at tuyeres ...........-cscccssecssscsees 2200 “ 


. burn this amount of carbon to carbonic oxide, 2933 lbs. of 
, or 176,000 cubic feet of air nearly, would be required at normal 
ter and temperature. 

is then is the amount of blast needed to make one ton of pig- 
To compare this with the blast engine record, it appears that one 
iron would be made in y}.z day, or 82 minutes. 

je capacity of each blast cylinder is 52.4 cubic feet nearly, or of the 
gut 104.8 cubic feet; hence this amount of air is taken in to the 
x apparatus at each stroke. Assuming 11 double strokes per min- 
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blast taken in 82 minutes will be that given by 22 x 82 = 
okes; and allowing 104.8 cubic feet to the stroke, there results 
cubic feet of air per ton of iron made, calculated from the 
of the engine. 
» exact number of strokes of the engine is, of course, not a 
sasily ascertained, and hence the above is only an approxima- 
far as the engine calculation is concerned, but it serves to show 
ner of calculation; if the analysis of the gas is made, the cal- 
controlled by the actual amount of carbonic acid in the gas, 
exact on all sides. Knowing the blast entering the furnace, 
3 can be closely calculated in volume; 176,000 cubic feet of 
uld furnish about 211,000 of gas. The weight of this gas can 
»xactly found, and will be given further on. 
» working of these charcoal furnaces, in regard to economy of 
| yield of ore, may be illustrated by the following table, the 
or which were taken from the books of the companies. It will 
that the consumption of fuel for the ton of iron produced is 
) to 123 bushels. These furnaces represent all varieties of out- 
temperature of blast. 


» following table was kindly furnished by a charcoal furnace 
r at Ironton, Ohio, and gives results extending over a number 
and is here inserted as of interest: 












fu 
R | 
Ei 3 x a. 
Year. be og 
zg g eC 38 
=| 
A 23 | $8 
ei & <j rs 
PENIS eee 2,882 | 2.28 1.554 
ee ausge: Rauaseeaweeensvereecad: 2,685 2.85 1.42 
WESER EI ENT ETEN SON FEUER 2,049 2.38 1.38 
wiGiiecusauebaeeueducewosdwews cu ceccetesexoskens 4,011 2.88 1.42 
REES EEE UETOTEEUSTRN 2,899 2.68 1.48 
an een 2,778 2.28 1.48 
NEE bate eeaseoascnasicareeweceae: 8,219 2.24 1.53 
a ee ee een 2,634 2.53 1.69 
DE EEE ERTENSODSOSEIBTDOCHEE 8,083 2.58 1.46 
SER tepwenusaseeseed sesewesencoseeneniaeces 2,978 2.57 1.43 
BRUNNEN SE SATRINEREEN. 8081 | 2.75 1.45 
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It will be seen that the consumption of charcoal in the | 
Rock region is large. The reasons for this may be found in 
causes—the imperfect roasting of the ore, the low grade of the 
the dimensions and lines of the furnaces. The furnaces of the . 
Rock region are short, and probably promote the escape of gas 
charged with carbonic oxide. To investigate this matter the 
and figures given before will be used as a basis for a calculatio 
heat requirements and fuel consumption of the furnaces. An 
the gas would be necessary to settle the questions involved, but 
examination may be made as follows: referring to the former 
tion, 1 ton of pig-irop containing 1,880 pounds metallic iron w 
with about 2,250 pounds of carbon; of this 70 pounds went into 
leaving 2,180 pounds as fuel, from the combustion of which th 
the furnace is maintained, with the addition of what heat t 
supplies. 

The heat requirement of the furnace does not admit . 
calculation, but it can be approximately determined per ton of 
follows : 

(A.) Reduction of iron ore: This has been carefully inv 
by Bell, Gruener and others, and the accepted result may be 
about 1,800 units per unit of iron, or for 0.94 of a ton, 1,6 
the unit taken being the heat required to heat one ton of water 
tigrade ; this ton unit will be used to avoid large numbers, the 
being the same, whether the ton or pound be used. 

(B.) The heat required in fusion of iron and slag: 1 
represented by a unit of iron, at the temperature of the furna« 
termined by Bell and others to be about 330, and by a unit of s 
This gives— 


Por 1 100 OF 100 2... rin 830 uı 
For 1.05 slag .........scccsseee » een „ 577 
Totale esasee 907 


(C.) For reduction of silicon, manganese, etc: The expt 
the carbonic acid from the limestone, and the evaporation of 8 
of water from the charcoal, will require a total of 650 units. 

(D.) The loss through. walls of furnace, etc., will be sma 
in the iron mantle furnaces, but assuming the figures found 
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s, as applying here, this item would be about 300 units. The 
; thus stands: 


ere is one more item, large and unsettled in this case—the heat 
off as sensible heat in the gases. Calling this X, we have the 
at requirement of the furnaces = 3,549 + X for each ton of 
de. | 
calculate X, the temperature of the gas need be known, which 
jresent instance could not be ascertained. The throat of the 
is a bright red, however, and hence this could not be less 
0° centigrade. On this assumption a value of X would be ob- 
as follows: 
e blast required per ton of iron was before calculated at 
) cubic feet, equal to 6.379 tons. The gas produced would 
in weight this amount plus the carbon in the limestone 
el, and the oxygen in the ore and carbonic acid of the 
ne. The total weight of gases would then be per ton of iron, 
ding these items, 8.300 tons. This is large. The amount of the 
ı the Cleveland blast furnaces (England) is from 6 to 7 tons per 
ron. Taking the mean specific heat of the gases at 0.24, the 
quired to raise them to 600° centigrade would be 8.300 x .24 x 
1,194 heat units, making the total heat requirement 3,549 + 
= 4,743. 
' the sources of heat the blast (6.379 tons at a temperature 
' centigrade) would give about 750 units, leaving in round 
*s 4,000 units to be accounted for from the fuel. This fuel first 
t the tuyeres to carbonic oxide, and gives in so doing 2,400 units 
t of fuel. We may first assume that all the carbon, except that 
d to decompose the carbonic acid of the limestone, reaches the 
; there would be 1.235 tons then burned; 1.235 X 2,400 gives 
Again, part of this carbonic oxide is burned in the upper part 
furnace by the oxygen of the iron ore into carbonic acid, and 
or each unit of oxygen so used 4,200 units of heat, but 0.94 ton 








520 a GEOLOGY OF OHIO. 


of iron represents 0.402 tons oxygen. This would, by the abo: 
bustion, furnish 1,688 heat units; adding to this the 2,964 prodı 
burning at tuyeres, we get, under this assumption, 4,652 units, an 
of 652 heat units over what is required to make the iron. 

Too many figures are lacking to draw exact conclusion fr 
above discussion, but certainly this much appears, the high temp 
at which the gas escapes from the top of the furnace is one great 
of heat loss, and is accompanied, as the last figure shows, by a 
to even closely realize the true working of the furnace, in which t 
bonic acid formed by the reduction of the ore escapes from the : 
without reduction. The 600 units of heat excess above calculatec 
mean, that this amount of heat was absorbed by the reduction of c: 
acid by carbon. The exact amount could only be properly calcul 
working from analyses of the gas. The heat requirement abov 
is excessive, as all amounts were made large to cover doubtful 
~ edge; probably a closer computation would show more striking 
ences and a larger waste of fuel still. 

But while the amount used is in excess of what ought to be 1 
it is also evident that the actual requirement is very large. Thi 
to the lean mixture, which necessitates a very large amount of 8] 
a consequent increase of fuel, which means more blast, and tht 
air and gas to heat. 


Raw Cal and Coke Furnaces: 


The best iron smelters are beginning to recognize that there 
little reason in adopting different outlines for coke and for rs 
furnaces, especially in the lower part of the furnace ; ne the 
naces will be described at the same time. 

The furnaces using these materials are distributed through t 
ferent districts, as indicated by the special description of each | 
and by the table of furnaces. They present much greater var 
equipment and construction than the charcoal furnaces ; they shc 
gressive changes in outline, which are of interest in showing the | 
of the knowledge of the true principle on which furnace consti 
should be based. An endeavor has been made to obtain the o 
and results of the working of the more typioal furnaces thro 
the State. 
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‘hose at Ironton have been already mentioned. These furnaces 
tirely lined with fire-brick, and generally the lining is made of 
d brick, each brick being fitted to its place, making in this way a 
expensive but more durable lining. 

late 2 annexed gives the lines for some of the newest as well as 
of the oldest coal and coke furnaces in the State. 

‘he capacities in cubic feet, daily production and yield per cubic 
yr the same furnaces is given in the following table: 





Capacities in cubic feet. q ® 5 
ao as 
7 2 

Be | 24 

| 3 a == 
| & & 

| 200 78 

48 180 

17 168 

18 226 

22.6 183 

24.0 200 

16 239 

15 278 

al 143 





he Akron furnace is not figured on the plate referred to. The 
ies above given for it are calculated from the lines at present 
built ; it has no angle between the hearth and the, bosh ; it is 58 
# in. high, 10 feet at the throat, 16 feet in the bosh, and 7 feet 
bottom of the hearth. The tuyeres centers 54 inches above 
le. 
he above table of course only shows a small number of the fur- 
f the State, but includes about all the varieties of lines. The 
| furnace, Himrod furnace, Akron furnace and Hanging Rock 
> represent the newest furnaces built in the Mahoning and Hock- 
lleys and the Hanging Rock region; the others show the older 
e. 
ne Mahoning Valley furnaces represent as a rule the newest and 
plants. Their location and general dimensions have been already 
To show the recent improvements and the general arrange- 
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ments in such furnaces, the new Central furnace of the Clevela 


ing Mill Co. may be described. 


This is one of the newest furnaces built in the State, and 
the kindness of Messrs. Witherow & Gordon, of Pittsburgh, a 
of the furnace has been furnished to the Survey; Fig. III s! 
furnace. The following description of the details is also furr 
the engineer: ‘‘ The furnace proper is 20 feet diameter of | 
75 feet high ; crucible, 10 feet diameter ; and stack line, 16 feet | 
The tuyeres are 8 in number, 7 inches diameter, placed 6 feet : 
hearth level, made of phosphor-bronze, and project inside the 
12 inches. These tuyeres are secured in cast iron water-breas 
cular form, built in the brick-work, each one being coursed w 
of 1 to 14-inch gas pipe. To these tuyeres are attached swi 
pipes, constructed in such manner that the least amount of tin 
sumed in removing a tuyere, viz., the pipe is made in two sect 
is swung on trunnions, so that in no case need the pipe be tak 
but merely by loosening the keys and lifting the pire on its t 
and clearing the space directly in front of the tuyeres ready for 
the same. These tuyeres are riveted to the cast-iron bustle pip 
around the outside of the eight columns, which is 48 inches in 
lined with fire-brick to a clear opening of 24 inches. The co 
eight in number, of wrought-iron, and octagonal in sha 
‘Phoenix’s patent. They are 25 feet high, 14 inches inside 
and # inch thick, and support the mantle plate of the furna 
is composed of three 15-inch rolled I-beams, circling entire 
the furnace. These columns rest on heavy cast-iron foundati 
The bosh brick-work is protected with a series of cast-iron r 
in at intervals of 36 inches. Each ring is made in 16 segn 
each segment is coursed with 14-inch gas pipe. It has been 
practical results that these plates have effectually preservec 
for four years, at the end of which time the furnace was blow: 
the wall and plates were found to be in perfect condition, pro 
efficiency. It will be observed that the bosh of this furnace is 
high, and five of these rings have been inserted. They fu 
act in the capacity of binders.. The entire crucible is surrou 
cast-iron plates, coursed with water, and attached to the da: 
front. 

“The bell of this furnace is 11 feet in diameter, and is ope 





Er 
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Figure III. 
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an air-lift. The hopper is of a cylindrical form, 14 inches di: 
. the lower part of which is placed the lip-ring upon which the b 
By this arrangement it will be observed we get a large a 
hopper, and do not encroach on the space around the platfoz 
easy manipulation of the charging buggies. Over this hopper 
a cast-iron arch, upon which the hoisting lever is seated. Ti 
are attached two safety-rods, which pass through the arch ab 
tioned, and have malleable iron handles attached to their : 
case the main rod should break, these two rods would cate 
before it could drop into the furnace. The down-comer i: 
diameter, lined with fire-brick to a clear opening of 6 feet. 
bottom of this down-comer we have constructed an arrang 
catching dust. By this arrangement it will be observed t 
forced to the extreme bottom of the down-comer, thence up 
a cross-wall built in this chamber, and thence downward t 
under ground. By this reversed passage of the gases a great p 
of the dust is settled. This down-comer is provided with : 
stairway, so that in case the hoisting apparatus cannot be ops 
top of the furnace can be reached in this way. We further p: 
each one of these down-comers a butterfly damper, which 
with water, and built in the down-comer.” 

The other furnaces of the Mahoning Valley are built in 
the mantel, tuyeres and general lines somewhat on the same 
ment. The coil, tuyere, or blow-pipes dre in almost universa 

At the Grafton Works at Leetonia, the tuyeres are m: 
farnaces. The method of making these tuyeres is to coil wre 
pipe in a rather straight cone, the pipe being brought back o: 
side of the coil; within this is set a cone of thin sheet-iroı 
whole is then set in a sand mold, and melted iron cast around 
thus consolidating the whole into a solid block. 

The use of a fore-hearth and dam in these furnaces is enti 
up, most of the newer furnaces being provided with a simpl 
into the bottom of the hearth, somewhat conical, and possi 
wide by a foot and a half in height, through which the iron 
The slag is removed from these furnaces by an opening below t 
and situated either in front or on the side of the furnace. 
vantages of thus closing the hearth of the furnace are the 
time in casting, and the more jregular working. The subst 





BP 
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‘alls in the hearth and boshes, which are protected from destruc- 
r from over-heating by means of coil-pipes through which water 
is very general, and is shown in the new furnaces of the Cleve- 
Rolling Mill Co. at its greatest development, and the probability 
; this in some cases may be carried too far, some trouble having 
‘xperienced in some of the newer furnaces from the tendency to 
‚nd crack from the pressure and heat of the charge. 
he arrangement of the upper part of the lining is practically the 
everywhere, consisting of the interior of fire-brick separated 
narrow space from an exterior shell of common or red brick, 
next the mantle of the furnace; the space between the fire- 
und the red brick, as well as the space between the red brick and 
antle, is frequently filled with clay or sand, the object of these 
being to permit the expansion of the lining when the furnace is 


ı all these furnaces the lining of the shaft or upper part is sup- 
by an iron lintel resting on iron columns; in the majority of 
hese columns are cireular, made of cast-iron and from 18 to 20 
in diameter; the height of the columns, varying with the dimen- 
f the furnace, may run from 9 to 10 feet to, as in the case of the 
e figured, 25 feet, the more moderate dimensions being those 
’ found. 
he substitution of wrought-iron riveted columns for cast-iron, 
in some cases, gives more lightness with the same strength, an 
ement shown in plans of furnaces by Witherow & Gordon and 
eimer Machine Company, and other recent designs. 
he foundation and sole of the blast furnace is masonry, generally 
| down to considerable depth. The sole proper of the furnace is ~ 
f fire-brick of large size, and occupies a cayity in the stone foun- 
corresponding in diameter to the size of the furnace. 
he way in which these bottom brick are set is usually on the plan 
\t inverted arch, being set obliquely from the sides in, and keyed 
one-shaped central brick, the object of this arrangement being 
vent the bottom from lifting, which would certainly take place 
an upward pressure produced by the melted iron around the 
Sometimes the brick are made with angles, so arranged that 
rick catches in the one next to it by a lug. In some cases the 
made of sandstone instead of brick, where obtainable of good 
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The method of taking the gases from the top of the 
almost invariably the simple plan of one or more openings in 
the furnace, connected with a large wrought-iron pipe lined 
brick, and known as a down-cast or down-comer pipe. N: 
more elaborate methods of taking gases from the center of the 
in use in the State. The top of the coke and raw coal furna 
variably closed by a simple bell and cone, the same plan | 
throughout the State. There have been until recently one o 
naces at Massillon provided with a brick tunnel head and op 
but the simple cup and cone is at present the universal prac 
methods of lowering the cone are in the first place, and most g 
hand arrangement, by which the lever supporting the cone is 
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ed by a crank motion, worked by a man at the top of the furnace. 
me of the furnaces this is replaced by a steam cylinder which acts 
tly on the lever supporting the bell, and is controlled at the bot- 
yf the furnace by a valve. Water is applied in almost every way 
yoling and protecting the lower walls of the furnace ; one plan in 
t some of the furnaces of the Hocking Valley district is to surround 
earth-walls below the tuyeres with a sheet-iron ring or drum, the 
between which and the furnace, possibly 8 to 10 inches in width, 
‘filled with gravel and kept wet. The surrounding of the hearth by 
ron plates, in which water circulates through coil pipes, is also 
derably employed, as well as the bedding in the bosh walls, of flat 
plates similarly cooled, as in the furnaces of the Cleveland Rolling 
Jo mpany . 
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The large “ Etna” furnace, at Ironton, has the cone an 
ered by an arrangement of sliding doors, so fixed that after 
is on, the cone and the space above it can be entirely cover 
venting almost entirely the escape of gas from the furnace. TI 
ment is similar to the one shown in Fig. IV, representing thes 
charger, built by the Weimer Machine Works, at Lebar 

The blowing engines are of the upright pattern, showing 
difference in detail, the direct action vertical engine being 
most general use; recent improvement looking toward hig 
speed, have been introduced by machine works. One of th 
cent patterns is shown, as to its arrangement of air valves, in 

The object of this arrangement is to admit rapid ae 
valves, and to reduce their travel or lift. As an illustrat 
varying speed at which engines are run, the following figui 
of interest ; the dimensions of the engine are also given fo 
of comparison ; 


Cylinders. Ri 


Himrod Furnace Co .........ccccccceeceecesserseeenserseeese BAR 
Brier Hill ....... paar terre TR tt. „ 84x48” 
Wellston furnace ......... BER aiesvasannarerhenne A EEE 
Elisa Türnaße...-4..4000040000 000000000 ner nun rennen euren A 
Hamden furnace .......... a Wie BRETT rn ae. 48”x72” 
N RE EIFSLE BTEE PO wets cceedatacncs ede 48'242” 


It being probable that the working of a furnace is large 
ent upon the blast facilities, the tendency to the increase of 
speed of blowing engines is everywhere apparent, 

The use and distribution of gas from the furnace follow 
works the same general plan. In the cases of furnaces using 
coal, the large amount of gas produced has led to its rather e 
wasteful use for heating purposes, also many of the furnaces 
are in the habit of charging a certain amount of coal with eo 
purpose of increasing the amount of gas. Where the coal 
large proportion, the large amount of tar, water and dirt «a 
by the gas necessitates the introduction of reservoirs or we 
collection of this tar at the bottom of the down-cast pipe 
sometimes above and sometimes below ground, the arrangen 
pipe consisting of a large expansion or drum of wrought-ire 
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Sonry, terminating the down-cast pipe, a second pipe enter 
the reservoir to carry offthe gas. The arrangement at the 
Rolling Mill furnace is shown in the drawing on page 523. 
are distributed under ground through flues of various dimens 
boilers and hot-blast stoves. Fig. VI shows the section of t 
this furnace. 

' The boilers are generally cylindrical and proporlionsls 
the engine and furnace; such boilers, however, being uneco! 
gas; in some of the Youngstown furnaces flue-boilers are | 
stituted. At the Himrod Iron Works this change is bein 
boilers with two flues, replacing, the old cylindrical boilers, 
boiler also has an iron chimney. The manager states “that sin 
been done they find that coke alone supplies plenty of gas, no 
- needed, and steam enough being furnished to run their larg 
engine at nearly 40 revolutions per minute.” 

These Himrod works are particularly interesting, because 
introduced straight lines in the furnaces and large blast er 
means of obtaining large production. Of their two furnac 
blast (15 feet in the bosh) made an average of 54 tons per da 
but on increasing the blast the production was run up to 6 
day, and consequently the blast capacity for the two furnace 
increased largely. They have now three Weimer engines 
by 4 ft., 66 in. by 4 ft., and 60 in. by 4 ft., all three engine 
on an average nearly 40 revolutions per minute, are use 
one furnace. The company has, in addition, one horizont 
Point” blast engine, 6 ft. by 6 ft., which runs about 25 revol 
minute. 


Hot-blast Stoves. 


For the purpose of heating the blast various forms of 
used, which may be grouped under two heads: the pipe stoves 
the blast is passed through cast or wrought-iron pipes, heate 
bustion of the waste gases of the furnace, fuel not being usec 
ing the blast directly ; and the fire-brick or generator sto 
work on the principle of passing the blast through a chamber 
fire-brick or some similar material previously brought to a 
perature. Most of the older stoves are of the pipe pattern ; of 
there are many varieties in use, differing among themselves p 
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e form and dimensions of the pipes, the arrangement of the stoves . 
selves being practically the same in all cases. The gas being ad- 
ed with a sufficient quantity of air into a series of two or more 
ed chambers, 4 to 5 ft. high by 33 to 4 ft. wide; these combustion 
ıbers connect through a series of flues or openings with a space 
‘e, in which the pipes which convey the blast are located, and the 

e resulting from the combustion of the mixed gas and air circulates 
d the pipes which fill the chamber. The whole is built of fire- 
k, and braced by iron tie-rods to prevent cracking and injury by 

The blast does not go through one continuous pipe, but is sub- 
ded, and passes through a number of pipes arranged in parallel 
r, the object being to diminish the amount of friction and conse- 
itly loss of pressure in passing through the stove. 

In order to effect complete and proper combustion of the gas, air 
t be admitted with it, which is done by means of a jet, through which 
s brought to the center of the gas flue, as in the compound blow- 

The simplest arrangement of pipes is that of a siphon or pipe 
; on itself in the pattern seen in the old ‘‘ Calder” oven, figured in 
<s on Metallurgy. The large amount of room taken up by such 
s; together with the fragile character of the casting, has led to their 
versal abandonment, and many patterns are at present in usc in this 
e, each supposed to present peculiar advantages, either as to dura- 
yy of pipe, simplicity of construction, or ease in replacement. One 
the best-known in the Mahoning Valley of these ovens is the 
amilton ” hot-blast stove, manufactured at Youngstown, and in use 
everal points there. Its peculiarity consists in having the pipes 
ble and concentric, by which the air passes up through one pipe to 
extremity of the enveloping pipe; this construction is shown in 
ure VII. 

The division of the air is well shown in this sketch, the blast 
sing into the stove. through a long pipe or box, and dividing itself 
ugh the nine pipes connected therewith. The blast passes from one 
‘hese boxes or “bed-pipes” to the next, and so may be brought to 
perature only limited by the material and durability of the pipes. 
»ther usual form of hot-blast stove has the pipes made in U-shape 
-e or less united throughout their length by cross-bars; these are 
ınged in rows on two parallel “bed-pipes” in the stoves. Another 
n of stove has the blast-pipe section, a flattened oval divided through- 
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Fiaure VII. 


out its length by a partition; the blast passing up one side an 
the other; this stove being similar to the last in action and mc 
Various other details of construction are found, the stoves re 
special names from their manufacturers or the inventor of the 
Pollock stove, Player stove, Hamilton stove, etc. 

The Weimer Machine Co. built a stove in which the pipes, 
of resting by gravity on a “ bed pipe,” which serves to supply 1 
rent of air to the series of pipes, are suspended from the upper 
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oven, and in this way take their blast from pipes arranged above 
tead of below. 

The fire-brick stoves, represented by the ‘“ Cowper-Siemens”’ pat- 
1, and the “ Whitwell” stove depends on the principle involved in 
regenerator steel furnaces. 

If a large number of fire-brick be brought to a high temperature in 
osed vessel, by allowing a mixture of gas and air to burn among 
m, and then, the supply of gas and air being cut off, the blast turned 
yugh, the heat of the fire-brick will be imparted to it. The Whit- 
| stoves, instead of using fire-brick piled in open order, as in the re- 
erator furnace, substitute parallel brick flues, through which the 
flames pass. Whitwell stoves are in use in several localities in the 
te; they have the advantage of great economy in gas, of great dura- 
ty, there being no expensive pipes to replace, and of the power of 
arting the highest temperature to the blast ; any temperature in fact 
ig attainable. They have the disadvantage of being comparatively 
ensive, at least two or more, usually three being necessary, as one 
t obviously be heating while the other .is in use, and of requiring 
attention of a person to change the blast from stove to stove. The 
ilarity of the changes is important, owing to the irregularity in heat 
he blast waich will occur if it is improperly done. The older Whit- 
| stove is made short and of comparatively large diameter; the 
er stoves are built higher and of much less diameter in proportion 
heir length. The number of angles over which the blast has to 
3 has also been diminished, and the number of flues increased. The 
 farnace of the Cleveland Rolling Mill Co. is provided with Whit- 
| stoves of the newest pattern, of which the following description is 
lished by the designers: ‘“ The Whitwell stoves are 20 ft. in diame- 
and 70 ft. high, of the most recent type, and have a heating surface 
30,000 sq. ft. each. These stoves each contain 250,000 fire-brick, 
in the forms shown. Each stove is supplied with a cleaning crane, 
means of which the stove coal can be cleaned in from three to four 
rs. The top is of a mitre form, and to this top are riveted a series 
ast-iron doors, each of which gives access to a group of flues below, 
hat any part of the stove can be reached by the scraper. On each 
is constructed a balcony, so that easy access can be had to these 
rs. The air is introduced into these stoves through an arch, which 
oughly diffuses the same. The gas is introduced through a circular 
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opening just above these flues, and is thoroughly mixed with t 
the first chamber, securing perfect combustion, thence passing 
down again through the first group of flues, thence up again a 
to the chimney valve and flue. It is our object to have a thorot 
bustion of the gases in the first chamber, thereby utilizing the 
of the stove as a reservoir for heat. At a recent test made at 
bella furnces, one of these stoves was kept on blast eight hour: 
an average temperature during this time of 1300 degrees Fa 
The bricks used in these stoves are of a porous nature, so that h 
ing in contact with them is readily absorbed.” 

This form of stove is figured in the transactions of the / 
Society Mining Engineers, vol. 9, p. 494, together with the ol 
tern of the same stove. These fire-brick stoves are in use it 
places in Ohio, with generally good results. 

While a full description of all the works in the State wil 
attempted, short notice of some of the principal ones will be gi 
the extent and character of the establishment, may appear, anc 
partures from the general statement given, be noticed. 

The works at Cleveland comprise the furnaces of the ( 
Rolling Mill Co., and the “ Emma” furnace of the Newburg 
Co. This latter furnace has been recently overhauled, equip) 
new hot-blast Pollock stoves, new boilers and a blast engine; 
nace, 66 ft. by 16 ft., is expected to make a hundred tons of 
day ; the furnace has 7 tuyeres, and is 8 feet in the hearth; it 
Take Superior ore and Brier Hill coal with Connellsville co! 
Cleveland furnaces use as a flux the Kelly Island limestone, | 
the following analyis was kindly furnished by the Clevelanc 
Mill Company : 


Carbonate of lime......cc..sesscsssscsenserssscennes teu siadeeies N, 
POON | aa as Sak scdbb i apiihivigs ciebededaen suede eet .... 
Alumins and iron... viens iseesesssnveersscamasens Sen 
Carbonate of magnesia .. ond derseese s+epeseeyaseyuselll 000 
PHOBPHOFUN scnanee snnnsnansnuunan -senscons secbeeuel aan Das ee Rataea enn 
(Magnesia by ie a 


The throat of the furnace is about 9 feet in diameter, but 
ered too small, and it is proposed to eularge it to a 12-foot 
future. The furnaces of the Cleveland Rolling Mill Co, are 
follows: Two stacks at their mill at Newburg, one of the 
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g in use, and the other awaiting re-lining, the furnace ene 
emer pig-iron from the Lake Superior ores. 

It may be of interest here to state that they consider the iron only 
r the converter, when the silicon is under 2.25 per cent. and the 
phorus under .12 per cent. No limit is assigned to the carbon. 
The furnaces at Newburg are equipped with pipe stoves, similar to 
Hamilton in design. The other stacks of this company are the two 
eir river works and the new central furnace just built, which was 
m in about the first of October, 1882, but owing to some difficulty 
| the cracking of the bosh walls, had to be partly repaired, and the 
s increased in thickness. At Youngstown are the two furnaces 
oenix ” and “ Falcon,” cf Brown, Bonnell & Co., making pig-iron 
he rolling mill; the two stacks of the Himrod Furnace Co., one 
last and the other about to be lined. This furnace is peculiar from 
traight lines, and is figured on plate 2. 

The furnace uses as a flux the Lowellville limestone, and is pro- 
d with a Pollock hot-blast stove, made with an oval pipe and cen- 
diaphram, as described under hot-blast stoves; also the furnace has 

blast engines, three vertical and one horizontal ; the furnace makes 
dry and neutral mill iron, using the same mixtures for both. The 
nah furnace, of the Mahoning Valley Iron Co., is at the company’s 

at Youngstown, and is running on a mixture of Lake Superior 
and mill cinder; the furnace is provided with 8 tuyeres and closed 

t, the slag being discharged through the back of the furnace, and 
in front, as usual. The Hazleton furnace, at Hazleton, i is about two 
s south of Youngstown, on the Pittsburg, Ft. Wayne & Chicago 
R. The “Anna” furnace, at Struthers, recently bought by Brown, 
nell & Co., has the usual pipe stoves and iron hoist. 

At Lowellville the Mary furnace of the Ohio Iron and Steel Co. 
n old stack, the hoist built with a wooden frame; the furnace works 
1 a closed front, and is equipped with two pipe stoves of the Hamilton 
ern, with a new one building of the oval pipe pattern. The present 
k is 13 by 56 ft., 53 ft. in hearth, and 9 ft. in throat; provided with 

engine, having blowing cylinder 66 in. by 4 ft. 6 in.; the furnace 
cing at present 230 to 250 tons per week. It was stated that the 
ace is to be rebuilt, refitted, and provided with an 84 in. by 4 ft. 
imer engine, and a 60-pipe Pollock stove. The new furnace is to 
5 ft. by 18 ft. ; the furnace at present is provided with seven 44-ineh 
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tuyeres; the blast pressure used is at present 3 to 3% lbs., 
perature of about 900 degrees. The furnace at Girard hi 
running for some time, but at present is blown in again, TI 
furnaces of Andrews & Hitchcock, at Hubbard, Trumbull ı 
making foundry and mill iron from a mixture of Lake Super 
and native ores. They are equipped with three blowing en; 
by 30 in., 84 by 35 in., 84 by 36 in., respectively, and ma 
tons a day from each stack. The product for the year endi 
1882, is 27,000 tons. ‘The furnaces of the Brier Hill Coal ar 
three miles northwest of Youngstown, comprise four stack: 
provided with vertical blowing engines, using a blast pres: 
9 lbs. ; the blast engines are 84 in. by 84 feet, with 36-in. stea 
running from 30 to 40 revolutions per minute. The furna 
flax Lowellsville limestone, and is lined with Savage Mi 
Star fire-brick; the furnace is equipped with Thomas pi 
simple double-legged pipe), 36 pipes to a stove; the ore i 
tirely Lake Superior. 

During 1882, about 5,000 tons of native blackband fr 
Ridge were used, This company has a small Spiegel fur 
Spanish ore; this Spiegel furnace has nearly straight lines, 
a closed front, and is blown by four tuyeres, is 45 feet hig 
the bosh. 

The Eagle furnace, at Brier Hill, is an old furnace out 
the date of the Survey; it is built against a bank, but is pr 
a short water-hoist, similar to the one described as in use & 
furnace at Ironton ; the furnace has seven tuyeres, and is eq 
three pipe stoves. The Brier Hill furnaces discharge the 
small slag-tuyere at one side of the furnace front. The 
Hill furnace has nine tuyeres and a steam-hoist. The Niles 
Niles, is at present run by the Arnold Furnace Cumpany, 
speciality of a soft foundry pig, under the brand of the “Ar 
The furnace is a small one, provided with a wooden column 
and pipe stoves. 

In regard to the working of the furnaces in the Mahon 
figures were taken from the charging books of several com 
will be found in the table on page 541. 

In regard to the character of the iron produced from tl 
little need be said; from the character of the ore the ir 
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ally to meet some special call, and may be of any quality de- 
running from the purest Bessemer pig to iron made largely 

mill cinder for use in rolling-mills. 

\n analysis of an iron made from Ohio ores in part is given, from 

y Valley Iron Works, Leetonia : 


DEE DON een 8.033 
OT VCO MA eiserne 8.850 
MOL DOP su. sur een 0.016 
ME TPR OSG een 1.480 
PHONDHOFUR... nenn are 0.794 


KlUM108.....8 20er aes ee 11.69 
EEE gue eueceracescuumaceuansueusets „ 49.65 
ME AGT CAL ne ri een einlesen 0.82 
IZ1dB MONG: 1080... een 0.72 
IulpDur anni 1.55 
PhOBSPHOFUR ee 0.009 


(it Leetonia, in Columbiana county, are the works of the Grafton 
Co. and Cherry Valley Iron Works. These latter make, from the 
Lisbon kidney ore and Lake ore and mill cinder, with Connells- 
:oke, the American Scotch pig, already alluded to in a former part 
: report. The works are provided with Pollock stoves,‘and with 
blowing engines. The Grafton Iron Co. has two stacks, one just 
the hearth of their new furnace is built entirely closed, being 
y provided with an opening through which the iron is to be tapped, 
lag discharge being entirely independent of this opening. The 
ce has six tuyeres, one over the tap-hole. The furnace is provided 
two’ engines, one 84 in. by 44 ft., and one 66 in. by 4 ft., running 
revolutions per minute; each furnace has two Player pipe-stoves ; 
last is heated to 900 degrees, as shown by pyrometer; the works 
a foundry in which the tuyeres and other castings are made. 
Che use of raw coal simply is perhaps best shown in the furnaces 
d Jackson, Ohio, and in the Hocking Valley. Several of these 
on furnaces are outlined on plate 2, most of these using little or 
xture of coke. The table on page 541 gives figures from several 
ese furnaces, illustrating the average charge of ore, coal and lime- 
Of the works at Jackson, the Tropic furnace is provided with 
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double horizontal blowing engines, 48 in. by 4 ft., and fiv 
tuyeres ; it has two Pollock stoves, with 32 pipes to a stove ; th 
are 8 in. by 11 in. in section, and 10% to 11 ft. long; the blast 
is about 4 lbs., and the temperature from 750 to 800; the avers 
ber of strokes of blast engine, 24. The Fulton furnace, of Ja 
very similar in its general equipment, built, like all the raw 
naces in this vicinity, with iron shell or mantle, and lined 
described ; has four 4-inch tuyeres, and pipe-stove with 48 pip 
long. The Milton Furnace and Coal Company, at Wellsto: 
from the other furnaces in this district by being provided w 
Whitwell stoves; the furnace is blown with five tuyeres, 4 t 
diameter. The new furnaces at Floodwood are also provided ı 
brick stoves of the Cowper-Siemens pattern, these being the on 
using such stoves; the other furnaces in the Hocking Valley 
the simple Player pipe-stove. The number of men usually « 
at these Jackson furnaces is from 25 to 30, sometimes fewer. 
struction these furnaces are simpler, as a rule, thon those of tl 
ning Valley, the iron mantel and cast-iron columns being the i: 
type. The other furnaces at Jackson and vicinity are the Sta 
provided with horizontal blowing engines, 48 in. by 44 ft.; 
pipe-stove of this district being practically the same as the 
stove of the Mahoning Valley; that is, having oval pipes divi 
central diaphragm ; in this case the furnace has two stoves, with 
to each stove, uses a blast pressure of 4 lbs., and a temperature o: 
800 degrees. The Huron furnace at Jackson has two horizo 
engines, 48 in. by 5 ft, and six tuyeres, 3% to 4 in., two Po! 
Davis stoves, 32 pipes to the stove, 8 by 11 in. in section, : 
11 ft. long ; the furnace is lined with fire-brick from Oak Hill 

The Eliza furnace at Wellston has a vertical blast engi 
by 4 ft.; five tuyeres, 34 by 4 in., lined with Webster fire-b 
two stoves, with 32 pipes to the stove; these blast engines ı 
25 revolutions per minute. These raw coal furnaces produ 
seen by figures already given, excessive amounts of gas, which | 
. in heating the boilers and stoves, but is not all needed for this 
hence, at all these furnaces a large amount of superfluous ge 
seen burning to waste; that some of this might be economic 
for roasting ore or other purposes would appear probable. 

The gases produced from these coal furnaces are rich in co: 
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owing to the large amount of gas and volatile matter expelled 
e coal, which loses thus 30 to 40 per cent. of its weight. It is 
observe, however, that while the gas is thus increased in heating 
and value as a fuel, it is not largely increased in volume. To 
e this, suppose a pound of average Brier Hill coal burned in 
t furnace, it would lose about 40 per cent. at the top of the fur- 
epresenting tar, gas and water. The 60 per cent. coke left, 
alone acts as fuel, will equal probably 56 per cent. carbon. 
56 pound of carbon will require 3.23 pounds, or about 44 cubic 
air for its combustion at the tuyeres to carbonic oxide, and no 
how much carbon it may take up from ore and limestone, will 
ıt at least 53 cubie feet of gas at the throat, assuming each 
of oxygen to make two volumes of carbonic oxide. 
ree determinations made recently on samples of very dry burning 
owedanaverage f about 3.7 cubic feet gas of to the pound; this 
er than the Brier Hill coal would yield, as the coals examined 
ed more volatile matter; even assuming the gas produced to be 
feet, the point is clear that ‚the volume of the gas from a fur- 
sing raw coal will not be more than one-twelfth greater than if 
nace was using the coke the coal used would produce; a fact 
hould settle, once for all, the question of different lines for coal 
s, because of the large volume of gas! 

e 53 cubic feet of gas considered above as furnished by the 
, of the coke from 1 pound of coal, supposing it to do its full 
n the furnace (supposed to be using 3.2 tons of coal to make 1 
iron) in the way of reduction, would have at the throat of the 
about the following composition by weight: 


BROT hove Feen rss a (heueas avicsievecscsvecsicascsvdscccnvessssesconsceass 68.0 
rbonic oxide ......... cannusnassneeeeeeaacoesececsesee cesses teeseeee sasssnnsnnensnn 27.7 
KO ernannten DD 

100.0 


calorific power would be 665., or one hundred cubic feet of such 
ild heat nearly 50. pounds of water from zero to boiling, assum- 
: mean specific gravity of the gases at 1.02. Adding now to the 
vas the volatile matters from the coal (3.7 cubic feet having a 
gravity of about 0.6), the composition by weight would be nearly 
Ws : 
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Nitrogen: uns tia ceceand ea eacersneorccuavensassascawense vest eeevewansacers 
Carbonic Oxide..........csccessssssssssesscesessensonsceacere secessepsccees succes sees 
Varbonie CIO anne 
HyAro-carbon GABON u. nennen 


And the calorific power (coal gas being taken at 24,000) 1, 
cubic feet would heat 115 pounds of water from zero to boil 
The increase in heating power is probably even greate 
as the gas carries over tar, etc, mechanically, which is far fro 
deposited. The large amount of gas produced at the raw c 
is due obviously to the large amounts of fuel used, and not t 
The following table gives a number of facts relative to | 
practice of the State ; it is compiled from sources believed to | 
in most every case the charges are taken directly from the b 
As in the case of the charcoal furnaces, no attempt has 
to obtain figures from every furnace in the State—only a suffi 
ber to show the variety and general character of the work. 

In the foregoing table, Nos. 1 to 4, inclusive, are furna 
Mahoning Valley district; Nos. 5 to 9, inclusive, furnaces in 
ing Rock region, around Jackson and vicinity; No. 10, a 
Ironton, on the Ohio river, and Nos. 12 and 14, inclusive 
made in Hocking Valley furnaces. 

The figures for iron produced, coal per ton of iron, lim 
ton of iron, etc., are uniformly stated in tons of 2,000 lbs. 
tice, however, at all furnaces, is to calculate tons of iron as 
tons of ore and cinder at 2,240, and tons of coal at either 2,2: 
lbs., according to the locality ; in all cases, however, the rec 
been made from the local ton used to the standard of 2,000 | 

Calculating tons of 2,268 lbs. for iron, and tons of 2,( 
coal, the apparent consumption of fuel is much greater, and 
2.95 as in No. 13, would be 3.33. 

One of the most interesting problems of the metallurgy 
Ohio is that relating to the smelting of native and other ores 
coal. The practice has grown up without much help from 
study, and without much investigation. The fact once a 
that raw coal would “do” to use in the furnace, little more: 
Furnaces were built and iron was made without much care 
went into the furnace, so that iron came out at the bottom ; coı 
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during the first few years of the development of the Hockir 
district, some-curious records were made as to fuel used and « 
iron produced. 

There are several points in regard to the action of this f 
great interest as well as peculiarity, that it is proposed to de: 
space to their consideration. 

One of the first points is the large amount of fuel used. 
to the table of furnace charges, it appears that from 2.6 to 3 
the weight of iron made is needed in fuel, and the lower figu 
reached when exceptionally rich charges are used (largely lak 
cinder). Again, exceptionally large burdens of limestone ar 

As to the iron made, it is often, if not usually, high in sil 
quently being very silvery. This composition will be well | 
the following set of analyses, made at the Ohio State Universi 
writer: 


1 2 8 ar -# 
Carbon (graphite) ............... u) 855 | 2.89 | 2.62 | 2.66 , 
Carbon combined ......... ........./ undet. | trace. | 0.40 0.26 

BUHCON sissies tics) 8.86 6.09 8738 | 3.70 8.17 
Bulphiür eiswasessrsngsänsunuene sei „| trace. | undet. | 0.08 | 0.21 trace 


PhosphoruB .ssarssaisiean sense 050 | undet. | 0.53 | 0.60 0.65 


1. Foundry iron, Straitsville. 

2. “Silver gray” iron, same locality. 
3. No.1 iron, Jackson. 

4. Milliron, Star furnace, Jackson. 
5. Gray foundry, Hocking Valley. 
6. Straitsville. 


It is but proper to say that these are mostly of samples | 
to three years ago; the present practice is better. Still mu 
iron is made now, and constitutes one of the valley brands— 
able as a mixture, but still is not the normal or best pro 
furnace. 
The peculiarity of the working must lie in the mixtures 
great diversity of furnace lines, but nothing so different fron 
furnaces as to give them a special character. 


ll _—=ERS= 
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n order to examine this working, the slag formation and fuel con- 
ion, also the provable heat distribution in the furnace, will be 
lered and compared with that of other furnaces. 
‘irst, however, it will be well to make a few preliminary state- 
in regard to slags. The characters of the slag that concern the 
lurgist are its fusibility and its fluidity. Combinations of silica, | 
and alumina are fusible between very wide limits in composition, 
hey differ greatly, not only in the temperature at which they fuse, 
. the character of the fusion, some melting immediately to a liquid 
| flows freely, some becoming gradually soft, and passing through 
ades from hard to liquid. These two methods of melting may be 
ated by respectively the melting of tar and the melting of lead, 
assing slowly from the solid to the liquid state, the other almost 
tly. As is well known, the slags of. charcoal furnaces have the . 
character ; the composition accompanying this character is shown 
e analysis made of slags from charcoal furnaces in the Hanging 
region, published in this report. It will be seen that the per- 
re of silica is high. In general, it may be stated, experiments 
shown that slags in which the percentage of silica was high, had 
naracter. | 
lags from coke and coal furnaces have compositions illustrated by 
llowing analysis : 





Cinder, Hocking Valley. 


uch slags melt differently, becoming suddenly liquid and solidi- 
with equal rapidity, so that in running from the furnace, crusts of 
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solid slag form, while the interior portion is perfectly liquid 
however, the more basic silicates, that is, those containing less 
more lime, becume more liquid, when melted they fuse wi 
difficulty. Of the other elements besides silica in these sla; 
the principal. A mixture of silica and lime alone is pract 
fusible ; alumina also forms an infusible mixture with silica : 
of these three materials, however, forms the fusible slag of 
furnaces. Many experiments made on these mixtures show 
most fusible compounds are those in which the silica forms fi 
50 parts of the whole, and the alumina forms about } to } p 
lime. If the alumina becomes very small in proportion to th 
slag becomes much more infusible. Magnesia acts as lime, 
mixed with lime in the slag tends to increase the fusibility of 
ture over what it would be if pure lime alone were used. Th 
provided the percentage of magnesia be not too great; hence 
cases where alumina is so deficient in a charge as to render the 
of a proper proportion impossible, the use of magnesian limest 
taining 9 to 10 per cent. of carbonate of magnesia, is sometii 
advantageous. The sources of the slag forming constituents 
furnace are the ores, the limestone and the fuel; the ore ca 
sidered as a known and nearly constant quantity in the present d 
the limestone will vary from furnace to furnace, but for all 
purposes may be considered as consisting of a mixture of pure c 
of lime and magnesia with silicious matter (the material left ı 
when the limestone is dissolved in acids). The composition of | 
portant. A series of analyses made in the laboratory of the § 
versity, in which the silicious matter was determined, and als 
tent in silica, shows that on the average this silicious matter < 
of silica and $ alumina, or closely approximates clay in com 
the addition of lime to this would but imperfectly flux it; 
customary to regard it as entirely fluxed by the lime of the | 
and to deduct from the total carbonates of lime and magnesi: 
twice the amount of this silicious matter as used up by it, le 
rest available. This is a sufficiently near approximation to 
to serve as a means of comparing different limestones for fu! 
The third of the series of slag making materials is the ash of 
this may be regarded as having a mean composition, as follow 
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ICH eine een 55 
MUD Bh ccs hos diiaiec we ovatus natant aa caveicaece sesnonereorcet ced suns cuceeneneens 85 

RIGO Gl ION isses 5 to 10 
ME Giessen sheenee 0 to 5 


his is based on a number of analyses made of the ashes of the 
ig Valley coals, both by Prof. Wormley and the present chemist 
Survey. The composition is quite similar to that of the silicious 
of the limestone, consisting essentially of a mixture of alumina 
ica in the proportion of 3 to 5. In regard to the amount of this 
roduced into the furnace in smelting with raw coal it is about as 
|}; Assuming the consumption to be 3 tons of coal to the ton of 
nd taking the average of a number of analyses of the cual already 
we find the percentage of ash to be 4.5; three times this represents 
ount on the iron made, and taking the consumption of ore per tow 
as 2.1 tons, the coal ash amounts to 6.4 per cent. of the ore used. 
portance of this coal ash, however, as a slag forming element, is 
than the mere amount of silicious matter that it introduces, 
to its containing so large a percentage of alumina, the effect being 
ease very decidedly the amount of this element in the slag. 
suming the foregoing statements, two points of interest appear ; 
hat kind of slag is produced ; and second, what role do the coal 
lay in its formation. 
ost of the furnaces at present use but a portion of native ore ; 
or, the following record, where mill cinder is the only addition, 
2 taken as a basis for calculation. The figures represent three 
run of a raw coal furnace : | 


larges. Tons 
Dal en euere 1024 
LIV OFC Ener SR EEE EBENE FEUER, 434 
Mader een INNEREN 243 
DOBDNB naeh 427 
on produced ............0. divs unsbiaevewnnevadesseuseurouseinstaurewacstuaaseverawes 323 
bal tised to ONE TON Ol Iron u... 3.17 
re used tO ONG Ion OF IPOD viccwicssccessevscisessiserienrciensaeonstaeusssmwiweass 1.35 
ill cinder for one ton of iron .........ceceeseees puiaaneaiesaatodedeoumunaneesane 15 


35 G. 
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The composition of the Jackeon shaft coal (this bein 
used) is shown by the following analysis : 


Volatile material and Water..............cccccccs onosnnnonsonenemmsennnnnennnene 
WR OO Carbon 2.2... sale 
A anne Mn 


This ash is lower than the average, and in the calculati 
will be assumed at 44 per cent. 

The composition of mill cinder will be shown by the 
analysis: 





1. 
BUG sees) insivesus cates ssatinasecteais vawewtnendpeameep es anocimeaxasencauesaneabeatiarent 272 
Bine se ee ee 2.1 
Oxide Of MANQANEKE ......cecesecee cececsenccccers es KNIE SED RNPEEEER N ESPTORLN: 
? me sn een rin 0.7 
MA GNBEIR nennen 2 
Phosphorus u.a 8 
Iron... ee 47 
Bulpbur. uch 0.6 


1. Flue cinder. 
2. Tap cinder. 


A number of iron determinations in various cinders show 
are lower than usual; hence, for the present calculation, an: 
silica 23 per cent., alumina 2% per cent., and iron 51 per ce 
assumed. 


It will be necessary to calculate the composition of tl 
its richness, from the yield; special analyses before given wi 
show the ratio between the elements which make up the gan 
ore, but their total amount is best obtained by knowing the: 

Analysis of the iron shows it to be as follows (the sam; 
a furnace smelting the same mixture, and will not vary appre 
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Gaphlier. essen 2.61 
Combined carbon a... . 20 
BIlcon teure 8.70 
Phosphor. neu 76 
7.87 
Metaliic iron .....: 200000 ccccceccccccccccccces sovccccosceces So ouhvasedi-Gacace cet sennneees 92.50 


The yield of the ore and cinder was 323 tons of pig-iron; this 
ntains 298.8 tons of iron; of this the cinder gave 123.9 tons, leaving 
4.9 tons derived from the 434 tons of ore; this corresponds to 40.3 per 
ot. of iron. The small amount of iron in the coal ash and limestone 
s been neglected, as it is only about equivalent to the small amount 
<en up by the slag. 

As the ore is roasted the iron must be calculated as sesquioxide, of 
lich it will furnish 57.5 per cent.; the difference between this and 
0 shows the amount of earthy material in the ore; it is 42.5 per cent. 
iis shows the ore to be on the average poorer than is found by analy- 
; of single specimens; such an analysis of average roasted ore 
owed : > 4 


Besauloxide OF Iron anne nee 63 78 
Bilichuisiie era ee 22.15 - 
Amin. een 9.31 
Lime.and magnesia uucnaneiaeaeinn 1.64 


This relation between the silica, alumina and lime of the ore may 
safely assumed. 
Stating in tabular form the material which makes up the slag, we 
ve as follows: 


Tons. 

Furnished by ore ............ PR NEE EP EEOEREE SER EREUGER EIN UEFRRE 184.4 
= OUIG OF asien een neheeennee 72.9 

a Coal ah (4.0%) een een 48.1 

e 1MESION6 ee 248.5 

TO] ensure 553.9 


From this should be deducted the silica and phosphorus, corres- 
nding to that in the pig-iron, which amount to nearly 10 per cent. 
the iron (the silicon received as silica and the phosphorus as acid.) 
ie slag left after making this deduction is 521.6 tons, or 1.6 tons for 
ch ton of pig-iron made. 
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The distribution of the lime, alumina and silica would be 
lows, taking the analyses given as correct: 











Silica. Alumina. Li 

Die nennen 118.8 tons. | 55.2 tons. | 10. 
INCOR sea 55.8 “ 61 “ 2. 
VOR BSR. ren 26.4 “ 16.8 “ 2. 
Lim6Bl0De 6.2. 12.8 “ 85 “ 227 
Total en 213.8 tons. 866 tons. “UL 


From this silica it is necessary to deduct what goes into th 
iron, or 25.8 tons, leaving 188 tons silica for slag. The comps 
percentage calculated from this would be: 


1 
BIlICH. ensure 36.4 
SV teat a Re EINEN EEE ER EEIEISRRE ENTE DRIVE NEO HEN NEUERER EEE SER 162 
Lime [MAgDesle) cn... . 47.4 


Oxide iron, manganese, CLC............scccccercersccecssccecssasccccccceccs|sescssccscocces 


No. 2 is an analysis of a slag from a coal furnace ; it serves tc 
that the character of the slag. found corresponds to practice. Ex 
ing these results, it is evident that the slag is very fine and pro 
in very large quantity. Furthermore, the ash of the coal inc 
above does not become a part of the slag until the fuel is burned 
tuyeres. Now, if these coal ashes are omitted from the above sls 
culation, the resultant slag would be decidedly (4) lower in alumin 
also in silica (about $). 

Now, while these slags form a very liquid compound, they r 
a very high temperature for their formation and fusion, and he 
would appear, require a very hot hearth for their melting. The 
in the coal ash at this high temperature is almost immediately rec 
and goes to the iron. The extremly basic slags are necessary t 
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ont this as far as possible, but evidently they only partially correct 
e evil. | 

Hence, one reason for this silvery character of the iron would ap- 
ar to be the high temperature necessitated by the large amounts of 
e and slag in the hearth; in other words, the mixture must be such 
to give a slag so basic that it can absorb the coal ashes without pass- 
g beyond a proto-silicate. This condition is only possible when the 
lume of slag is large and the hearth very hot. 


The second point from which the smelting was to be considered, 
as the fuel consumption and heat distribution. 


The fuel used was stated at about 3 times the iron made. Assum- 
g a yield of 60 per cent. in coke, this gives 1.8 tons of coke for 1 ton 
iron, or, in the case above discussed, 1.9 tonsof coke. If an estimate 
‘the heat required in the furnace be made, as in the case of the char- 
al furnaces before discussed, it appears that this amount of fuel is 
Try excessive. 

Bell estimates the heat required to make iron from Cleveland ore 
4,670 units per unit of iron (Chemical Phenomena of Iron Smelting, p. 
1). With the ores of this State, and raw coal, this requirement would 
greater, as the slag would be a little, and the amount of gases con- 
lerably increased. The amount of gas produced from the coal fur- 
ces per ton of iron made is from 9 to 10 tons, as against 6.9 to 7.5 
ns in Bell’s coke furnaces. This would mean an increase of heat re- 
irement of perhaps altogether 200 units, making the total perhaps 
370 units. Now, against this requirement, the fuel consumption shows 
enormous heat production ; to tell just how much, the analysis of the 
rnace gas would be necessary. Now this excess means two things— 
st, a great waste of fuel, due to bad working, letting the iron reduc- 
yn take place in such a way that carbon instead of carbonic oxide re- 
ces iron. This can be corrected by better lines for furnaces, greater 
ight and more capacity, but there is probably another source of heat 
nsumption not allowed for by Bell, and unavoidable with the fuel. 
1e heat required to coke the coal in the top of the furnace is probably 
‘ger than usually supposed. If 4,870 heat units be assumed as re- 
ired to do this work of the furnace, an approximate calculation of the 
at production in the furnace under discussion may be made as fol- 
ws: Of the 1.76 tons carbon, 1.4 tons are assumed to burn at the 
yeres, .36 tons being enough to reduce all the carbonic acid of the 
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1.32 tons of limestone used, and leaves 0.18 tons to reduce carboı 
acid from the ore reduction, and .03 tons for the iron. This .18 tons 
carbon will reduce more than half the carbonic acid produced in ¢ 
reduction, but one-half at least will be assumed to escape and furni 
heat. The heat production will then be: 


1.4 tons carbon burned at tuyeres to carbonic Oxide.......0....00000« 8,360 
One-half the heat produced by ore reduction .......0.ccccreseeesens u 340 
Heat of blast, 8 tons at 550° centigrade (specific heat .24) ............ 1,056 

Total heat POGUICO 24200 Han Hann an ann ne an dann ee 


This ıs based on the most unfavorable, possible working. It 
probable that the analysis of the gases from any raw coal furnace won 
show more carbonic acid than has been allowed for, and hence, a great 
excess of heat produced; this excess would certainly appear to be caus 
by the absorption of heat on coking. If this is true, the effect is x 
only to cause the use of more fuel, but by withdrawing heat from t 
top of the furnace, it tends to make the heat production in the hearth « 
of proportion to that in the stack, and hence to make a hot crucible a 
silvery iron. 

It would hence appear, that the peculiar results obtained in r 
coal smelting are at least partly explained from the character of t 
slags, and the fuel causing both a hot hearth and cold shaft, on accou 
of bad heat distribution and too much ash. 

These considerations would point to the desirability of very | 
blast for the raw coal furnaces, so as to lighten the amount of fi 
burned at the tuyeres. Full figures relative to this are not at pres 
attainable, but those given in the table certain!y show a great advanta 
in very hot blast. 

There are several other questions as to smelting which are imp 
tant, and upon which notes, obtained in the laboratory of the Surv 
may throw light. 

The assumption has been made that all the phosphorus in the « 
and charge went into the iron. To make sure of this, several sls 
were examined for phosphorus. 

The highest percentage in a series of 6 analyses was pais orl 
than .01 of one per cent.; this slag was from a furnace producing ap 
iron with 0.70 per cent. TER EEE and giving a very basie Pre 

The ashes of coals contain in all cases some lei ip 
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yielded Dr. Wormley as high as 2 per cent. of the ash, though 
ally much less. 

[t certainly would pay to have the ashes examined for phosphorus 
e using a new coal, especially where the lake ores are used to carry 
sinder, as is now so generally done in the State. The cinder being 
cheap, the more that can be used the better, provided the quality 
: iron does not suffer. 

Another source of phosphorus is the limestone. All limestone 
ins traces of this element. Analyses in the Ohio State University 
atory have shown the following percentages in limestones used for 
ce purposes : 





land 2. Owen’s Quarry, used by Winona furnace. 
3 and 4. Shawnee limestone. 


)ecasionally the per cent. becomes very large. A layer in the 
nbus quarries contains in certain specimens as high as 8 or 10 per 
of phosphoric acid, and this material occasionally gets into cars 
1 for the Hocking Valley furnaces. 
‘he extensive use of mill cinder has been discussed somewhat. 
eculiarity of this material is its highly silicous character and its 
lity. Its variability in percentage of phosphorus and of iron has 
shown, but besides these drawbacks, without great care in smelting, 
able to reach the hearth of the furnace unreduced, when it acts as 
osive slag, and also makes masses of wrought-iron collect there, the 
of iron in the slag acting as a decarbonizer on the iron in the 
nh. 
\ furnace at Steubenville was during 1880 running almost exelu- 
-on mill cinder; the campaign was successful, a fair mill iron 
produced. When the furnace was blown out, a mass of wrought- 
yr salamander at least 6 feet in diameter was removed from the 
h of the furnace. 
‘he method of treating these salamanders was curious; they were 
d into by a steel drill to a depth of two-thirds or more the di- 
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ameter, and then blasted with nitro-glycerine or dynamite ; t! 
the salamanders into manageable pieces. Gunpowder failed 
the rupture; the tube simply shot off like a gun, leaving the 
broken ; the high explosives answered the purpose, however. 


These masses when melted with coke in a high oe furt 
a fair iron, the carbon being added by the coke. 


This statement of the method of working was made by th 
company. The blasting was in operation at the furnace. TI 
were sold to a furnace near Youngstown for melting. 


The following analysis of a salamander of another sort 
here as being of interest ; it is a series of fused mass of ash and 
is a good illustration of what coal ashes will do in the hearth: 


SLAG SALAMANDER. 


ca) He C62. eee ee eS nee I ee cn es PN eee Rn En er er een | 
Alümina.esseeeee ea ae | 


Oxide of irom ........ cccccscseccsees ee een 


MR QUOI aan 


Ozide Of MANPANOSS nah 


CoNCLUSION. 


This review of iron smelting in Ohio shows that there 
to be done in the direction of improving the results obtained 
coal smelting, and indicates the kind of experiments which 
made to effect this object. 

Careful analyses of all products and materials of the blast 
including, and perhaps most important of all, the analysis « 
from the throat of the furnace, are necessary to intelligently 
the results of working between different furnaces and different 

The mere knowledge of the fact that one furnace is ma 
with so much coal, while another requires perhaps 30 per cent 
no indication that the first is doing better work than the seco 
objects to be obtained in smelting are the utilization of the fue 
so that as little as is consistent with the character of the ms 
be smelted may be used. The objects that lead to the accom y 
of this result are the arranging of the furnace so as to entir 





IRON MANUFACTURE. 553 


sduction of the iron ore by the carbonic oxide of the gas, and the 
noting of the use of solid carbon in the upper part of the furnace, 
d of at the tuyeres; but as the sensible heat of the furnace is almost 
ly derived from the combustion of carbon to carbonic oxide at the 
8, it is obvious that what causes in all cases the greatest use of 
s the necessity of a large heat production there from having in 
arth an excessive amount of material to be heated; in other words, 
addition to the amount of slag produced in the furnace calls for 
e addition to the amount of fuel; carbon burned to carbonic acid 
hes 8,000 heat units; whereas, burned to carbonic oxide, as at the 
8, it merely furnishes 2,400 heat units, or less than one-third the 
r amount. 
‘he increase of the amount of slag from one to two tons to the ton 
n would require on that account alone the increase of the fuel 
1.2 to 1.4 tons to the ton of iron, for this extra ton of slag with- 
500 to 600 units of heat. The fuel necessary to furnish this heat 
tuyeres would be 600-2,400, or } ton; if this be calculated as raw 
t means about halfa ton. The real increase is even greater than 
s the added fuel means increased blast and gas also. 


t seems as though this fact would largely determine the economy 
ry endeavor to enrich the mean composition of the ore charges. 
hat this theoretical deduction is not without its practical value, is 
by the fact that most of the large furnaces are giving up the use 
n ores where rich mixtures even at higher prices can be obtained. 
a furnace, by using Lake ore and coke, can make a ton of iron 
but little more than a ton of coke, it becomes a simple matter of 
ation as to whether it will pay to replace the rich ore by a low 
cheap one. The.increased amount of coal is not the only evil, 
; the capacity of a furnace is not really measured in the iron it 
; but in the fuel it burns; the increase in fuel used is really a 
ution in the production of the furnace, and the consequent in- 
in cost of the iron by the proportionate amount of the total fixed 
se of the works. It is the want of consideration of these matters 
has led to the erection and subsequent abandonment of more 
ne large and expensive furnace after treating poor ores. 
t is the same fact that makes all methods by which the mean rich- 
f the ore can be increased so valuable as an adjunct to iron smelt- 
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ing, making them economical even more than can be directly < 
from the cost of the process. To what extent the use of the ı 
Superior and Missouri ores is going to replace the consumpti 
leaner Ohio ores it is hard to foretell, for the question will | 
by rates of transportation and facilities for production. 


CHAPTER VII. 


THE MANUFACTURE OF COKE. 
By Henny Newron, E.M. * 


is the combustible residue remaining after the volatile parts 
nous coal have been expelled by heat. The objects aimed at in 
sture are, Ist, to obtain a fuel of a higher calorific power and 
sity, and 2nd, to obtain from the cementing or coking coals 
h will not agglomerate in the furnace. A small amount of 
also at the same time expelled. 

‚rieties of bituminous coal may be made to produce a coke, 
iracter of the coke will vary very greatly with the kind of 
ally it is customary to coke only those coals in which the 
or coking character is well marked—the coking coals—and 
not be used raw iu the furnace, because of their cementing 
nd clogging up the furnace. The non-cementing or open 
als, though they will produce a coke, which, however, is 
porous and fragile, because of their free burning character, 
‚the blast furnace in the raw state. 

arly iron industry in all countries was dependent on the use 
|, and the precise time of the first manufacture and use of 


7 Newton, E.M., whose untimely death in 1877 was deplored by all who knew him, was 
arts Of several years by Dr Newberry in the collection and preparation of materials for 
Economic Geology, which the Legislature had ordered. The chapters which Mr. New- 
red for publication pertained exclusively to the various subjects connected with the 
f iron. Professor Lord has used some of this material in the preceding chapter, with 
gment, but it is deemed fitting that at least one chapter of the present volume be given 
sown words. For this purpose, the Chapter on Coke seems to be the best adapted, and 
y introduced at this point. A few analyses have been added by Professor Lord, but the 
ential respects as it was left by the author. 

r might have been made somewhat fresher by the introduction of the investigations 
its of the last 8 or 10 years, but as it is, its statements will be found clear, compact and 
presenting in these particulars the mind and work of the author. 

terest of Ohio is not a large nor a growing interest, as will be seen from the chapters of 
ame that treat of our coal fields. The production of inferior grades of coke from slack 
1 is extending somewhat, but Leetonia is the only point in Ohio in which iron-making 
on by the exclusive use of native coke. E. O. 
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coke is a question upon which we have no precise infor 
Percy records that Jeremiah Buck obtained a patent in 
1651, for the manufacture of iron with coal not carbonized, 
therefore that coke must have been previously known. P 
in 1686 a history of Staffordshire, and there speaks of the ı 
of coal in heaps, as is done in the making of charcoal, an¢ 
tion of “coak,” which was used for drying mali. Sweden 
England in 1734, mentions that coke was used in some di: 
production of iron. 

M. de Gensaune, in his “ Traite’ de la Fonte, etc.,” 
Paris in 1770, described and illustrated ovens erected at 
the Prince of Nassau, for the production of coke, and in 1] 
gave illustrations of the furnaces used at New Castle for ı 
to “ coaks.” 

The use of raw coal, however, in the production of iron 
furnace was already well known. Lord Dudley, commo: 
Dud Dudley, in 1619 had experimented with it, but was 
and it was left nearly a century later, in 1713, to Abraham 
succeeded in the attempt at the Coalbrookdale Iron Work 

Owing to the increasing scarcity of charcoal about tl 
the production of iron in England fell considerably, and th 
solicitude expressed at the large amount of iron then ir 
Sweden, and from about the year 1775 is to be dated the 
manufacture and use of coke in the production of iron in H 
1783 the authorities state that the use of coke had becom 
England. | 

In France the application of coke dates from 1769, 
used for smelting copper ores, and in the foundry at Vill 
Belgium, though begun in 1811, its use was not well esta 
1823 in the Liege coal basin. 

In the United States the iron manufacture in the earli 
our history was exclusively carried on by the use of charcı 

‘the increased scarcity of wood it has been driven in mos 
margins of the thickly settled regions, and from this cause 
creased demand for iron, the place of charcoal is now bein; 
mineral fuel, anthracite, bituminous coal and coke, and in tl 
regions these are used exclusively. 

The application of anthracite in the manufacture of 


A 
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‚ce was patented December 19, 1833, by Dr. F. W. Geisen- 
' Pennsylvania, and experiments were made at the Valley 
1ear Pottsville, which, however, were unsuccessful. Other 
ollowed, and the first authentic account of success is that of 
rnace built near Mauch Chunk, by Baughman, Guiteau & Co., 
In 1839 the Lehigh Crane Iron Co. was established, and the 
ce was built at Hokendaqua, by Mr. David Thomas, who had 
from South Wales, where Mr. Geo. Crane had in 1837 suc- 
using the Welsh anthracites. Anthracite coal was used in 
e, and from this time its consumption in the manufacture of 
eadily increased, till in 1872, of the total pig-iron made in 
y, 52 per cent. were produced in Eastern Pennsylvania, New 
| New York with anthracite. 

rning the first use of raw bituminous coal and coke, we have 
ccurate information, but in 1845, coke was made at the Clay 
ı the Shenango Valley, Pa., from the block, or Brier Hill 
in the same year it was abandoned for the use of raw coal. 
juestionably the first instance of the use of raw coal in the 
tes in the iron manufacture, and from that time its use has 
n many regions where the open burning coals are found, as 
ro Valley, Pa., Mahoning Valley, O., Central and Southern 
ana, etc. | 

varies greatly in physical character, depending on the coal 
and the method of its manufacture. It is always more or less 
tit may vary from a very light and cellular mass to one com- 
dense and hard. It may be so friable as to present but little 
to crushing, as the coke made from many dry coals and that 
n the manufacture of illuminating gas, or it may be very hard 
nt, requiring considerable pressure to crush it. The follow- 
ives the results of experiments made upon several cokes to 
their resistance to crushing, and gives the pounds per cubic 
vere necessary to crush the specimen: 


Pounds per 


No. of 
. square inch. experiments. 
m coke (England )............scsccc-ssssssssccesesccnses 1,090 2 
lisville coke (Penn.)............ epoca idea ses sean 1,083 3 


lor, coke varies from a dull black to light gray, with a 
ilvery lustre; when hard and dense it is quite sonorous. 








\ 
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With a difference in their density and purity, cokes also d 
combustibility, and while for metallurgical purposes a d 
preferable, this hardness increases to an undesirable ex 
combustibility, and the amount of fuel required, as is obse 
eral European authorities. 

Coke made in the manufacture of gas is usually, from 
and impurities, unfitted for metallurgical purposes, and t 
for such use, coke should be sufficiently hard to resist 
of the material, ore, etc., and as free as possible from impu 
reduce the heating power and contaminate the material ı 
may be in contact. 

Composition of coke. Cokes are composed of carbon 
sides retaining a small proportion of volatile matter, wate: 
nitrogen, ete. Usually it will not retain more than 1 per c 
when exposed to a damp atmosphere, or even when it has be 
by water, when freshly made. When perfectly dry, and | 
water for 24 hours, it may absorb as high as 51 per cent. 
of water, which is the greatest quantity absorbed by 12 tr 
Dr. Perey. This, however, was rapidly evaporated on 
the air. When well made, the total proportion of volati 
coke rarely exceeds 2 or 24 per cent. 

The ash in cokes varies very greatly, and depends o1 
coal employed, and will be from 25 to 40 per cent. grea 
coal from which it was made. Though many cokes use 
per cent. or more of ash, a really good coke should not hav 
8 per cent., and when the coal will produce a coke containi 
proportion, it should be submitted to a preliminary « 
washing. In France, as already observed, the coals are ı 
containing 20 per cent. of ash, and good cokes with 8 to 10 
ash are only obtained by the most careful washing of th 
same remarks apply to the Belgian cokes, though the cos 
what purer than the French. The English cokes are ı 
pure, and the composition of the typical coke, the Durham 
the following table of analyses. In the United States, thou 
many bituminous coals, especially in the Allegheny basin 
produce very pure cokes, many of our coals, particularly 
Mississippi basins, will require washing before they will prc 
metallurgical coke. Already the importance of purity in t! 
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blast-furnace is becoming appreciated, and a preliminary washing 
coal is now conducted in many places in our iron regions. 

. the following table analyses are given of many of our American 
used in iron manufacture, and several from European countries, 
pparison with them: 








1.06 | 0.688 | 0.711 
9.66 | 11.882 | 18.650 


100. | 110. | 100. 








Mingo Junction, Ohio. 
Washingtonville, Ohio. 

Leetonia, Ohio. 

Broad Top, Pennsylvania (washed). 
Connellsville. 

Connellsville. 





Fire Creek, West Virginia. Britton. 
Average of three analyses, Connellsville coke, Penn. Geol. Report. 
Average of six analyses, Connellsville coke, from washed coals, Penn. Rept. 


Coke from Bayley’s Run coal, Hocking Valley (Average). Lord. 
Coke made in piles, Moxahala Furnace, Ohio. Lord. 








_ 12 18. 14 
a De ee ee Aue 82.31 93.15 91.59 
Da ee ee inrnäri 0.55 net 0.47 
re se wiesen ee 28 
sa sees pbarecs iaeett a setesteeces en KEN ORAL BENARESER 0.90 } 2.08 
een, ABO: 3 895 | | 5.89 
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12. Big Vein, Salineville. Wormley. 
18. Durham coke (England). 
14, Coke from Mons basin (France). 


The composition of the ash of coke will, of course, be e 
the same as that of the coals from which they are made, | 
analyses have already been given. The sulphur, however, 
what reduced in amount. It may be generally said that 
sulphur in a coal is expelled in the process of coking, or that 
will retain about three-quarters of the sulphur in the coal. 
however, the sulphur exists in some other combination than the 
of iron, as in the probable organic sulphur compounds allt 
somewhat larger proportion is expelled in coking. 

The manufacture of coke may be conducted by three met] 


1. Coking in simple heaps or piles, as in the carbonization of wood. 
2. Coking between walls or in kilns. 
8. Coking in closed ovens or furnaces of various forms. 


1. Coking in heaps. The manufacture of coke in heap 
is the oldest method for its production, and though still use 
districts in England and in this country, it is fast giving w 
more perfect and economical process of coking in ovens. 

The heaps are sometimes circular in form, but more c 
rectangular, having a length of from 50 to 200 feet. The op 
coking in piles is in many respects similar to charcoal ma 
though simple and requiring little outlay, it is by no means ec 
as there is a large loss from the unavoidable burning to waste 
of the coal. The yield of coke made in this manner is 20 
‘ cent. less than when the same coal is coked in ovens, and tl! 
not so dense, and more care is required in the conduct of the « 
The coke heaps are made in the same area, and usually at th 
a portion of the yard being set apart for that purpose, which 
comes covered with the fine coke dust or breeze, which is 
covering the surface of the piles. 

Circular heaps are not employed in this country, but they 
in some parts of England. At the center of the base, whic 
25 to 30 feet in diameter, a chimney is loosely built of brick, 
circular in section. A number of holes are left in the chimney 
ting here and there a brick. The coal is piled around this chi 
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pieces being placed near the center, and a mound of this kind, 
in diameter, and 5 feet high, will contain about 20 tons of coal. 
tterior of the pile is covered with a bed of fine coke or breeze 
inches in thickness, which is packed down tightly to exclude the 
cepting a height of about 1 foot around the base, which is left 
red. The pile is lighted by dropping some burning coals down 
imney, through the openings of which the coal is lighted, begin- 
t the base, and being propagated in all directions toward the 
At the base of the pile where there is no cover, a small amount 
is admitted by which the combustion is sustained in the pile. A 
smoke soon rises from the exterior, and the flame, which is often 
rilliant, escapes from the chimney. In 4 or 5 days the fire will 
the cover, which then becomes red-hot, and the carbonization is 
omplete. The chimney is now closed by an iron plate, and the 
f the pile, which has been left uncovered, is tightly sealed by 
ned coke dust, as well as any other portion of the cover that may 
ken. The management of the pile requires no little skill, espe- 
if the weather be bad or the wind blows, to prevent an unequal 
g of the mound and a waste of the coal. At the end of 2 or 3 
he pile will have become cool enough to permit the removal of 
ke, which may then be quenched with water and drawn. The 
f coke from the Staffordshire coals, which are dry, is between 50 
) per cent.; and while the product is not uniforn, only the large 
of coal can be employed in the construction of the pile. 
he circular piles are sometimes made without any covering, and 
lighted at the centre, where the fire reaches any portion of the 
r, 88 is shown by a coating of ashes, it is quenched by a covering 
e dust, and when the whole pile is so covered it is left to cool. 
iles are also made with channels at the base, which radiate from 
ıtral chimney to the circumference. They are made of the larger 
of coal, and permit a regular admission of air to the pile, which 
ise is tightly covered by fine coal or coke dust. 
ectangulur piles or pits are used to some extent in England, and 
formerly employed in many of the iron works of the United 
as at Johnstown, Hollidaysburgh, etc., they have in most instances 
jlace to the use of ovens. 
rere is a form of rectangular pile used at the Bowery Furnace, 


36 G. 
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Maryland, the facts concerning the working of which have 
furnished by my friend, Mr. E. F. Wendt, E.M., the Su 
The coal used is the semi-bituminous coal of the Cumberla: 
containing about 75 per cent. of fixed carbon. The pilesare1 
plan, 42 by 12 ft., and conical in cross-section formed like 1 
roof, 5 feet in height. A flue is first built with the large y 
“lumps” or “tops,” on the base of the proposed pile alon 
its greater dimension, and smaller pieces, about the size of | 
are carefully laid against them over the whole area of the 
called the “bottom,” and requires three layers to complete 
is made upon this bottom by shoveling the coal upon it ' 
shovels, the prongs of which are 1? inches apart, and the 
finished by a covering of the fine coal, which is well u 
beaten down, excepting a small space around the base, whi 
covered. A pile of this shape and dimensions will conts 
coal. Fire is given to the pit at both ends of the cen 
owing to the circulation through the flue and between the 
of coal forming the bottom, the entire base is soon a glowin 
fire rises thence toward the top, and is followed by cover 
portion of the pile with coke dust and ashes. In ordi 
about 9 inches are left between the fire and the edge of | 
but in wet weather this space is increased, and a great 
therefore given. When the fire has been driven to th 
requires 8 or 9 days, and the pit is covered, it is left one o: 
cool. Holes are then punctured in the pile by a crow-bar, 
run into the interior at a number of places in order to hast 
and permit the removal of the cover, and breaking up of 
however, the pit is allowed to cool by itself or is smot 
require 5 days before the coke can be removed. As tl 
removed by pronged shovels, a considerable quantity of 
breeze is left in the yard, which is used for covering subsec 

The character and yield of coke will vary with the ra 
operation and the care with which it is done, but to ob 
results, fully 2 weeks are required. The yield of the Cum 
in these pits is 484 per cent., or a 40-ton pit of coal will yi 
tons of coke. 

For the production of 50 tons of coke per day ther 
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54 piles of the dimensions given, occupying a good 300x250 ft., 
e labor of 23 men. 
t Hollidaysburgh, Pa., coke was formerly made in heaps about 12 
ide at the base, and 2 ft. 8 in. in height, requiring 5 days to burn, 
elding with bituminous coal about 40 per cent. of coke. 


oke piles are sometimes made with the flues running across the 
of the pile, at intervals of 3 or 4 feet. The flues may be built of 
oal, or if this is not at hand, frames of wood like, troughs, having 
mensions of the flue, are placed in the desired position and the 
als packed lightly with wetted coal, after which the frames are 
ed, being a well defined flue. The piles are finished as already 
bed, but they are lighted by vertical chimneys, formed by a stick 
in the center of the transverse flues while the pile was building, 
hich are afterwards drawn out, leaving a vertical chimney, down 
ligh€ed coals are dropped. 


n England it is the custom when burning in rectangular piles, 
istruct a longitudinal flue, and in the length of the pile to . 
vertical chimneys from the flue, by placing stakes at inter- 
f 10 feet, which are afterwards withdrawn. By these chim- 
burning coals may be introduced, and the fire communicated 
center and at many points of the pile at once. The operation is 
cted as already described, and when the workman sees that the 
is reached the exterior of the heap at any point, it is immediately 
hed by coal breeze. By this construction of pile, they may be 
of great size, 100 to 200 feet in length, containing sometimes over 
tons of coal. Their width is usually not greater than 12 feet, 
hen the coal is particularly impure, they are made somewhat nar- 
By lighting them at one end first, the operation may be made 
juous for some time, the pile being built at one end, while the coke 
ioved from the other as fast as it is coked. In burning a heap, it 
intial to get the fire to the center as quickly as possible, and then 
it outward toward the surface, as is done in charring wood. 


The production of coke in piles will of. course vary greatly with 
iaracter of the coal, but usually they may be taken to produce 
30 to 50 per cent. 


M. Jordan* describes a method formerly employed in the coal 
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basin of the Loire, France, for coking the very fine coal 
not be coked well in the other forms of heaps. 


In plan they are rectangular, while the vertical sect 
zoidal. The fine coal is packed and held in position by 
ering of suitable size, vertical, longitudinal and cross 
ing formed byj wooden bars, which are removed when 
completed. . This process requires great care in the const! 
heap, is somewhat difficult to manage, and is not ecor 
results. The yield of coke obtained with the French cc 
55 per cent. 


Coking between walls. A peculiar method of coking | 
was practiced for a long time in Upper Silesia, and af 
introduced into Westphalia and France, where it wa 
the Schaumbourg Furnace. This furnace, used in Sil 
of rectangular walls of masonry, 8 feet wide by 54*{ 
side. [he floor of the enclosure is made of cinder, | 
and well packed, on which fire-brick are placed on edg 
ing a good drainage and a dry bottom. The inside of th 
fire-brick, while the exterior is of common masonry. ] 
wall are built a row of holes opposite to one another, 
feet apart, and from them vertical chimneys open on | 
the wall. When the kiln is to be charged, one end, is cl 
brick, and then through the other fine coal is wheeled in a 
the bottom, wetted and stamped down in layers until th 
holes in the walls is reached. Long poles, 6 inches in 
then inserted in these holes, and the kiln filled up by | 
stamped down, and the top is covered by a layer of co: 
end wall is then built up and the poles withdrawn, leavi 
channels in the coal. Before lighting, the vertical chim 
are closed by a brick, and the draught-holes on the opp 
also closed. Fire is then given to the pile by lighted cl 
plied at the openings, and from them a current passes out 
ney ir the opposite side. In 6 or 8 hours the fire w 
other side, when the chimneys on one side are closed 
neys on the other side opened, the damper on the ho 


_ being also changed at the same time. By this means the 


versed, and this is repeated every 2 or 3 hours. Different 
kiln are changed, depending on the working of the c 
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e weather, etc. The channels are kept open by a rod, and in 
circumstances the operation will be completed in about 8 days, 
openings are all closed and luted, and in 2 or 3 days the end 
moved, the coke extinguished and discharged. The yield of 
ie furnaces in Upper Silesia was from 50 to 55 per cent. 
principal advantage claimed by the use of this kiln is that it 
a dense and hard coke, bearing transport well, beside which 
ct is regular and the labor not difficult. It is specially fitted 
rbonization of fine coal. The furnace is not expensive to con- 
near Cologne a furnace to hold 34 tons cost about 3,130 
26). 
charge of coal used in the furnaces erected in the Ruhr and 
‚8 was from 7% to 54 tons, depending upon their size, and the 
king about 64 days, the yield being from 60 to 70 per cent. of 
iough these furnaces were largely used in Germany in 1850, 
aid now to be no longer employed. 
me of those built in the French coal basins, the holes in the 
were made at a level with the bottom of the furnace, and 
h inside was 6% feet, their length 19? feet, and their height 
aving a capacity of 18 to 20 tons of coal. The yield of these 
rith the French coals was from 60 to 65 per cent. 
857 the same process was patented in England by Mr. E. 
p believing it, however, to be a new invention, and kilns were 
various establishments in Wales, where the process had an 
trial. Mr. Rogers considered the best dimensions to be 90 
14 wide, and 74 feet high inside, holding about 150 tons of 
Wales they were said to produce 75 per cent. of coke, with a 
working expenses of 50 per cent., besides that the coke was 
| more dense and uniform, but all the furnaces erected there 
lan are believed to be now abandoned. 
g in ovens. The previously described methods are well 
or coking bituminous coals, possessing good coking proper- 
as generally practiced, it requires the larger portion of the 
> in lumps, or at least not fine: While coal coked in heaps 
ill yield 60 to 65 per cent., the same coal coked in good ovens 
from 75 to 80 per cent. of coke, which is at the same time of 
lity, harder and more uniform. The former method, how- 
the advantage of requiring no outlay for expensive structures. 
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The primitive method of coking in heaps has been to 
extent superseded by the use of ovens or closed chambers of 
forms and construction, by which all sizes of coal become equal 
able. Though the apparatus may be more expensive, the i 
yield of coke, its better quality, and the less expense of handling t 
rial cause the cost of the coke to be much less than when mac 
open air. A greater proportion of sulphur may be also expelle 
ovens, and coals which would otherwise not coke, or only 
differently, are made to yield an excellent product. This is: 
marked where the uniform and very dry coals are required to 
for coke, and where the expense of the coal requires the greatest 
of material and manufacture. Thus in Belgium, France, ete. 
of the dry and inferior coals, which are commonly washed, has 
tated the employment of ovens specially designed for the cireun 
and thus has arisen the large class of ovens known as the Belgia 
From the excellence of their plan, their economy and efficier 
are now being largely supplied for the better varieties of coal, 
England and this country. 

In the production of coke the ovens are almost always h 
the combustion of a part of the coal itself, and in only one or t 
is the necessary heat produced by burning a separate portior 
exterior. When, however, the object in carbonizing the cc 
obtain the gaseous products, as in manufacturing illuminating 
coal is heated in a closed retort by fuel burnt beneath it, th 
tion for obtaining gas solely being conducted in a different man 
that when coke is desired; the coke produced is light, spongy 
and unfitted for metallurgical use. 

The simplest form of oven for producing a metallurgie ı 
vaulted and closed chamber, like a baker’s oven, which is firs 
to a high degree, after which the coal is charged, and the volati 
expelled by the heat of the oven, and being burnt by the adm 
air into the furnace, maintains the necessary degree of heat. 
form of oven the coking operation begins at the surface of the 
descends to the bottom of the charge, and if the heat is in: 
from any cause, coldness of oven, small amount of volatile matt 
coal, etc., the bottom will not be well coked. To facilitate the 
and to use to best advantage the drier or less coking coals, t 
are heated on the bottom or sides, or on both by the combustio 
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volatile matter of the coal. By this means the coking process 
m different parts of the charge at the same time, and a perfect 
more surely attained. In the construction of ovens, the thick- 
the bed or prism of coal in the oven is of the greatest import- 
The higher the coking property and the proportion of volatile 
the thicker may the bed of coal be mude, and the lower the 
of coking power, or the drier the coal, the thinner must the 
f coke be made to secure good results. Thus with good coking 
he prism of coal may be 3 or 4 feet in thickness, and then only 
on one side, but with the drier coals, even when heated on all 
he prism must be much smaller, 3 feet to 27 inches, as in the 
1 ovens. The disregard of this fact is the cause of much ill 
in the planning and making of coke ovens. The first and most 
nt consideration is the character of the coal, and the second, 
n and size of oven best adapted to the circumstances. 
ke ovens differ very greatly in their form, size, construction and 
f heating, and for convenience they may be divided into two 
al classes : | 

Those in which the walls of the oven are not heated, and air is 
d into the coking chamber itself to allow the combustion of the 
volved from the coal, and to maintain the heat necessary for the 
on, as in the ordinary “ bee hive” oven. 

Those in which the bottom, the walls, or both, are heated by 
abustion of fuel on the outside, generally of the gases from the 
hich are burnt in flues in the walls themselves. In some forms 
nbustion is begun in the furnace itself by the admission of air, 
Jones and Francais oven, but usually it is confined to the flues 
ich the air is admitted, as in the ovens of the Belgian type. 

RST CLass.— Bee-hive, Baker’s or Round oven. This is one of the 
forms of coke oven, and is still used to some extent in France 
rmany, where it is ‘known as the English or Baker’s oven. In 
d, however, it is almost exclusively employed, and while it is 
st common oven in the United States, large numbers of the im- 
forms are now being introduced. 

very good example of the bee-hive ovens is in use at the Kemble 
9.’s works, Riddlesburgh, Penn. 

e- ovens are circular vaulted chambers, like a baker’s oven, 12 
interior diameter, and 6 feet in height from the bottom to the 
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crown of the vault. They are built of the best quality of fi 
the arch being about 3 feet thick, resting on a foundation of 
A round hole, 12 inches in diameter, is left in the crown of 
for charging the coal, and for the escape of the waste gases. / 
cast-iron plate is provided by which this hole may be sealed 
operation of coking is completed. Another opening is left 
about 30 inches square, which is lined with an iron frame, and 
the coke is discharged. The bottom of the oven is formed ( 
3 feet thick, of ashes and slag beaten down compactly, upor 
floor of fire-brick is placed, inclining slightly toward the fr 
The ovens are built back to back in order to facilit 
charging from the elevated track, which is supported at int 
masonry piers, so that the weight of the cars doea not bear 
furnaces. A wall of masonry forms the front faces of the furn 
the spaces between them and the ovens is closely filled w 
The walls are strongly built and bound together by tie-rods t 
their displacement by the expansive action of the heat. 

Water conveyed by pipes is convenient to each oven 
quenching of the coke as it is drawn from the oven. This ma 
here to be a most important adjunct to every coking establis! 
water is absolutely necessary to extinguish the fire when tl 
operation is completed. 

The bee-hive oven of this character as usually built in th 
States costs from 300 to 500 dollars per oven, according to the 
and method of construction. 

The operation is as follows: A charge having been remo 
the oven, the walls are at a very dull red heat, the temperatu: 
been reduced during the cooling and discharge of the col 
fresh charge is made directly into the charging hole at | 
the cars by means of portable chutes. The charge is then | 
the oven by a long poker; the front door is closed by brick-v 
luted, excepting a small space at the top of the door-way, wh 
open for the admission of air to consume the gases. At fir: 
volume of smoke issues from the opening in the top of the ove 
a short time the temperature of the oven has risen high ¢ 
ignite the gaseous matter, which then bursts into flame and ris 
feet above the top of the oven. The air admitted through the 
in the door-way should be only sufficient to sustain the coml 
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atile matter, which burns in the vault of the oven above the bed 
, and nota little skill is required, especially in stormy weather, 
gulate the admission of air that there shall be no excessive burn- 
the coal. As long a» the distillation continues, and volatile 
is being expelled from the coal, it will be denoted by the 
t the top of the oven. When the flame ceases, the volatile 
has been driven off, and the coking operation proper com- 
The front door is now luted up tightly to exclude all air, 
air-plate ie placed over the opening in the top, which is covered 
hes to seal it tightly. The oven is then hermetically sealed, 
left to cool for 12 hours, at the expiration of which time the 
rk is removed from the doorway, and the coke quenched by water 
ced through a long.iron pipe. This quenching of the coke requires 
ninutes only, when it is ready to be withdrawn. A small iron 
placed across the doorway, and held in place by staple on either 
id upon this the workman rests the handle of the long rake or 
h which he hauls the coke from the oven. This is an exceed- 
rduous labor, and requires about 20 minutes for the complete 
y of the oven. Ifthe coke should not be thoroughly extin- 
it is wetted again with water, and then shoveled into wagons 
ged forks, that leave the fine and useless coke dust. The oven 
been cleaned, a new charge is then made, as already described. 
al time of the operation at Riddlesburgh is usually 36 hours, 
it is sometimes prolonged to 72 or 76 hours. This increased 
principally added to the time of cooling, and though the coke is 
ıore dense and hard, the advantage is not always repaid by the 
d expense. 
e coal employed at Riddleburgh is the Broad Top semi-bitumi- 
al, similar to the Cumberland. The coal is now washed before 
The yield of the coal by weight is from 58 to 60 per cent. of 


the region producing the celebrated Connellsville coke, in the 
‘of Connellsville, Pa., the same form of oven is exclusively 
bout 114 to 12 feet in diameter and 6 feet in height. The coal 
ed is from the Pittsburgh seam, which here has been somewhat 
rphosed, so that it is in fact a semi-bituminous coal. The com- 
. has been already quoted on page 559. It is quite friable in 
er and readily breaks up into pieces of a small size, leaving little 
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good merchantable lump coal. The common charge of an over 
to 110 bushels of coal, weighing 76 lbs. or 4 tons; the time of‘ 
37 to 38 hours. 

This coke is very largely used in Western Pennsylvania, | 
Ohio, the iron works of Illinois and Missouri, and is even car 
the silver and lead smelting works of Utah, Nevada, ete., where 
from 25 to 30 dollars per ton. Its value at Pittsburgh varies bu 
and is from 6 to 7 cents per bushel, or about $3.50 per ton. It 
livered in most places in Central and Eastern Ohio at a price « 
$33.50 to $5.00 per ton, so that often in some localities it is less 
sive than the local fuels. The composition of the Connellsvill 
has been given on page 559, where it will be seen to contain 
percentage of ash—about 11 per cent. This is too large a pro 
for a good iron smelting fuel, and it will probably not be’ long 
some method of purifying the coal will be demanded. ‘The hig 
tation that it holds is probably due largely to its uniformity, it 
ness and fine appearance, though the sulphur present is rarel: 
1 per cent. 

In England the round ovens are almost the only form used. 
are often arranged with an exit flue in the rear part of the vault 
escape of the gases into a common conduit, through which they 
a single large chimney, a hole being also left in the center of t 
for charging, but which is closed during the operation. A 
placed in the flue from each furnace, its connection with the ms 
duit and chimney may at any time be severed. 

Furnaces of this type are sometimes made oval, elliptical « 
angular, with doors at either end of the longer diameter for d 
ing, and an opening in the roof as in the ordinary bee-hive for 
ing. This form, though once quite common, is now not very ext 
employed. At St. Etienne, France, furnaces of this character, 
elliptical hearth, are 15 to 18 feet long, 84 to 94 feet wide, and: 
feet high, with an opening in the roof for charging about 18 in 
diameter, and a door at both ends for discharging. The charge 
is from 2.6 to 44 tons, and the time of coking 24 to 48 hours, thi 
tion being conducted as in the common bee-hive oven. 

A similar form of oven is used at Seraing, Belgium, in wh 
application of the waste heat of the gases is made to generate 
They are arranged in a battery of 8 furnaces together, supp 


COKE. MANUFACTURE. 571 


rse-power boiler, with a chimney at either end, which are used 
ately. The charging and discharging is made by the same doors, 
the gas first evolved from the coal has little combustible matter, 
x much water, it is let escape for 2 or 3 hours through the small 
himneys At the expiration of this time these are closed, and 
sntral one is opened. This has an area equal to the sum of 
vo others, and through it the gases are aspirated by the main 
ey and burn around the boiler. When the boilers need repairing, 
ases are let escape by the chimneys, and men may then enter 
jace around the boiler through arch-ways left for that pyrpose. 
f these batteries of 8 furnaces is said to produce steam sufficient 
2 blowing engine of a large coke furnace, and by regulating the 
ng of the ovens so that they are discharged at intervals of 3 hours, 
ent heat is always available for the boiler. The charge is 24 wu 
ie time of the operation 24 hours. 

he square, anchor, or as it is sometimes called, the Gibson Frans, 
en used on the west coast of France for coking the English coals, 
known as the Boulogne-sur-mer oven, while it has been used to 
extent in Germany and in England, where it originated. The 
s about 123 feet long, 64 wide and 6% feet in height at the back, 
ya little toward the front, so as to facilitate the discharging. 
oor is made the full width of the oven, and the coke is withdrawn 
ce in one piece by the anchor, which {is placed in the oven be- 
harging the coal. It is hence firmly imbedded in the coke at the 
f the operation, and a chain being attached to it, it, is drawn out 
he coke by means of a capstan. Though it might be urged that 
or is too large, causing difficulty in closing the oven tightly, and 
rat the anchor would rapidly be worn out, in practice, there is 
0 be no inconvenience from either of these. 

‘he furnace will contain 4 to 4% tons of coal, which is charged from 
ont, and the operation is conducted as in the round oven. The 
escape to the chimney by the flue shown in the figure. The time 
y required for coking is about 48 hours, and at Doulais furnaces 
ining 34, yield 73 per cent. of coke. 

n some furnaces erected on this plan in France, etc., small canals 
1ilt in the walls, so that at the termination of an operation air may 
mitted to them, and the walls cooled down very much before dis- 
iag the coke. 


é 
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A form of the round oyen is used in great numbers in Franc 
the Loire basin, in Belgium and in the Soar basin, and is known as 
French furnace. The furnace is similar to the bee-hive oven, excep 
that it has an encircling canal in the walls, which communie 
with the interior of the furnace by small conduits, which are hi; 
inclined, converging toward a point near the center of the ı 
These canals open to the air by openings on each side of the d 
where the a.lmission of air may be readily regulated. The chi 
is made through the opening in the roof, and the door is then tig 
closed, air being only admitted through certain channels. The ai 
thus supplied regularly in equal portions to all parts of the o 
Though the expense of their construction is somewhat greater tha 
the ordinary round oven, it is claimed in France that the yield of 
coal is increased 6 per cent. 

Cox’s oven. A form of oven similar to the latter, in so far as a 
admitted to the coking chamber through certain canals in the wall 
the furnace, is known as Cox’s oven. This oven was patented by 
in 1840, and has been used somewhat in South Wales. 

The oven is rectangular in plan, tapering a little toward the « 
in front, which has the full width of the oven. Ata height of 5} 
the oven is covered by an arch, and a small distance above this 
second arch. The space between these arches communicates in f 
with the interior of the oven, and at the back with the chimney. ” 
ovens being placed back to back, they open into the same chim: 
which is separated into two flues, one for each furnace. The 3 
above the upper arch and between the ovens is filled with sand, wl 
concentrates much of the heat evolved during the working operat 
On one side of the front of each oven an opening communicates wi 
flue, passing horizontally in the wall to the back of the furnace, wl 
it communicates with the interior by the canals. The charge is m 
by shoveling the coal in from the front, and then the door is lows 
and fastened by an iron bar. The door is formed of an iron fra 
which is lined with fire-brick, and when in place is tightly lute 
prevent access of air. 

The air for the combustion of the gases enters through the ea 
into the inside of the furnace, when the gases burn and escape into 
vault above, and into the chimney. A valve being placed in 
chimney flue of each furnace, the draught may be regulated at ¥ 
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ough the furnace is somewhat expensive in its construction, it is said 
have worked successfully, though with some coals the bottom part 
s not always well coked, as is also the case often with the other forms 
ovens of this class. To obviate this, Mr. Parry, of Ebbw Vale, con- 
ucted some furnaces on Cox’s plan, but the gases, instead of passing 
ectly into the chimney, descended first and circulated underneath 
: hearth, through flues made in the bottom, which communicated with 
: chimney ; the furnace was therefore heated well on the buttom, and 
: coal uniformily coked. 


OVENS OF THE SECOND Crass. In the ovens of the first class, 
already described, the bed of coal exposed is always of considerable 
ckness, and the operation of coking is begun from the top, by the 
at stored up in the vault of the oven from a previous operation, and 
»ceeds downward to the bottom of the oven. Unless the coal con- 
ns sufficient volatile matter to furnish the heat necessary, or the coal 
of a strong coking character, the operation will be incomplete and 
» mass not thoroughly coked. From a too thick bed of coal or too 
le heat in the oven, a cold or damp bottom, the coking is. often in- 
oplete, leaving a stratum of uncharred coal on the bottom of the 
en. The ovens of this class are specially adapted for the very best 
strongly coking coals, and when the dry or light coals are to be 
1d, the ovens of the second class are better suited, where the prism of 
ze is thinner and the heat more uniformly applied to the coal, the 
lls being heated from the interior. In these the coking operation 
ceeds from the sides toward the center, and when very dry coals are 
d the prism of coal should be very thin. 


The ovens of this class are round and elliptical, as the Breckon and 
xon, etc., or as is more common, rectangular; placed vertically it is the 
ypolt oven ; horizontal, it forms the large class of Belgian ovens. The 
ens may only be heated on the bottom, as in the ovens of Panwell, 
ibochet, Pernolt, etc., by fuel burnt separately beneath them, which 

however, applied only when the gas evolved is to be further 

lized, or the bottom may be heated by the gases from the coal itself, 
the Breckon and Dixon oven. More commonly they are heated by 
es passing through the walls and under the bottom, in which the gases ~ 
jlved from the coal burn and produce the necessary heat in the Bel- 
n type of furnace, the Linet, Coppee, Fabry, Francois, Dulait ovens. 
The Breckon and Dizon oven, * patented in 1860 in England, con- 








574 GEOLOGY OF OHIO. 


sists in constructing ovens similar to the ordinary bee-hive, 
in the bottom, and admitting the air into the oven itself thre 
communicating with the outside. The oven is thus heate 
bottom by the passage of the gases burnt in the oven, and a 
form, complete and rapid operation ensured. 

The interior of the furnace is shaped very like the comm 
oven. Air is admitted through the dampers in the front on 
_ of the door to the flues, where it enters the interior, and 
charge is made the door is closed completely, air being ade 
through these openings. 

The bottom of the oven is provided with flues, and is 
fire-brick or tiles resting on the division walls. The gases 
the furnace pass through the openings at the rear, and deseen 
the flue to the canals under the oven bottom, through which 
back and forth to a vertical flue, and thence to the chimney 
horizontal flue. A damper, placed at the exit of the vertical Au 
one oven to be shut off from the chimney at any time with 
fering, with the others. By this construction the floor of tl 
thoroughly heated, and it is claimed that coke may be made in 
the time that it can be in the common oven, with a yield 10 
cent. greater, In trials made near Darlington, England, f 
years, the coal yielded 69 per cent., while in the common 
yield was 58 per cent., and a charge requiring 72 hours to be 
the old oven was completely coked in 48 hours. 

Jones’ Coke Oven. A form of rectangular oven with tl 
heated was introduced at Dudley, Staffordshire, England, by 

The entire front being open forms the doorway for the 
of the coke, while the coal is charged through the opening it 
At the rear an opening is left the full width of the furnace, 3 
by an iron plate, It is used for affixing the discharging appart 
seribed hereafter. At the back of the furnace are two iron pipes 
communicating with the exterior, and passing through the 
Each of these is provided with a register on the outside to re 
admission of the air. A canal opens into the rear end of th 
just below the arch, while another one rises higher and open 
flues in the masonry of the top of the furnace, which pass to 
and open i into the oven. Two openings in the petit: Wr 





* Trans, N, England Inst. Mining Engineers, 1860-61. 
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the examination of the two flues. The charge having been made, 
spread on the hearth to a uniform thickness, the doorway is closed 
wall of brickwork piled loosely, and a little in front is placed a 
t-iron door, which is supported by a horizontal iron bar. The space 
reen the wall and plate is then filled with coke dust, so as to seal 
furnace and prevent the entrance ofair. The air necessary for the 
bustion enters the furnace at the rear through the openings in the 
:; passing through the flues in the chimney it becomes heated, and 
rs the back of the furnace and in the front. The volatile matter 
| the coal is thus burnt # the oven, and escapes by the two openings 
je rear of the oven, descends and circulates through the flues in the 
om, and finally escapes into the chimney. The coal used in Stafford- 
2 in the furnace was the celebrated 10-yard seam, a dry coal, the charge 
isting of 4% tons of coal and 1 ton of pitch or tar, which are well 
2d between rollers. The time of the operation is 36 hours, when 
coke is discharged by an apparatus formed of two cast-iron L-shaped 
28, which are riveted to two bars of iron. To place them in the 
ace two flat Bars of iron are first put on top of the coke, and upon 
1 one of these hoes is shoved to the rear of the furnace; the flat 
are then removed and placed on the side of the oven, and the other 
is shoved in in the same manner. The ends of the L-plates fall 
the vertical space between the rear of the furnace and the coke, 
sh has been left by the shrinkage of the coal during the process of 
ng. If there is any difficulty in fastening them in this position 
are fixed by pokers introduced by the openings in the rear of the 
. The pullers are then fastened together by a bar, and the eoke 
ed out at once by a chain and capstan. The yield of this oven 
n using the materials mentioned is 65 per cent. of coke, which is 
ng and well suited for iron manufacture. 
Of the ovens which are heated by the walls as well as by the 
om, the most important and most extendedly employed are the 
angular ovens, generally of small width, which as a class are known 
he Belgian oven, because of the great improvements that have been 
e with them in that country. In speaking of the development of 
type, M. M. Franquoy* says, that in 1837 Walker obtained a 
nt in England for coke ovens with their bottom and walls heated, 
th were introduced at Seraing in 1856. The first patent for the 


Progress of Iron Manufacture, Liege, 1861 
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introduction of air was also patented in England in 1837. 

this was introduced in France and Belgium they were unsuces 
the manner of introducing the air, and in 1844 Dulait, of 
Belgium, invented an oven in which the air was introduc« 
currents into the encircling flues, which was very successful, 
plan now adopted in many coke ovens in Belgium. Th 
circumstances in the introduction of these furnaces is sta’ 
Aug. Sillers, of the School of Mines at Liege * to be, that in 
extraction of bituminous coal necessary for the manufacture | 
the means then employed became insufficient in the Charler 
and the price inereased to such a figure as to threaten seriou 
the iron trade. It was therefore found necessary to economi: 
to find means for manufacturing coke out of semi-bituminous 
which circumstances were the means of bringing numerous ' 
ovens under notice of the industrial community.” Short: 
same circumstances visited other contisental regions, which 
great success, caused their rapid extension, The demands « 
ways, about this time on the Continent, requiring the prod 
purer and better coke, and its manufacture from inferior and 
dry coals, stimulated the improvements in coal washing and 
which we are largely indebted to French and Belgian experi 

Difference of size, arrangement of flues, and other me 
have multiplied the number of this type of ovens, and th 
very largely used on the Continent of Europe, but in Eng 
the nature of the coal, lack of appreciation, ete., thongl 
originated in that country, they are used to but a small exten 
not supplanted the old bee-hive form of oven. 

In the United States their good results in quantity a 
coke has induced their use for not only the drier and less at 
but also for the better and stronger coking coals, Ovens 
are now used in many places in the Allegheny and Missourli 
and their employment is rapidly extending. In the treater 
coals of the Missouri basin, we have, however, probabl 
their greatest efficiency. 








* Belgian Coke Manufacture, Jul. Iron and Steel Institute, vol. 1, 1878. : 





CHAPTER VIII. 
BUILDING STONES OF OHIO. 


ÄDVANCE SHEETS OF THE REPORT OF THE TENTH CENSUS OF THE UNITED 
States on “ BUILDING STONES AND THE QUARRY INDvsTRY.” 


[BY PERMISSION.] 


e data for the following report upon the Building Stones and the Quarry In- 
f Ohio were gathered in 1880 for the Tenth Census of the United States, 
1y supervision. The facts thus accumulated have been made the subjects of 
study and arrangement by the appropriate department of the Census Bureau, 
report prepared on this basis is soon to be issued by the General Govern- 
The plan and proportions of this and allied reports were determined by Dr. 
W. Hawes, the special Agent in charge of this division of the Census work 
rator of Economic Geology in the Smithsonian Institution, and much of the 
1 preparing it was done by him. For such a task, few men in the country 
tter fitted by natural taste and by acquired knowledge. A recognized author- 
thology, familiar with all the modern methods of inquiry in this field, he has 
d his reports with a considerable amount of special information that is new 
to the general reader, and that cannot fail to prove stimulating and suggestive 
y of our students of practical geology. The work of Dr. Hawes was arrested 
‘ill incomplete by his untimely death, but it has been carried forward, chiefly 
fed assistants that he had trained, two of whom went from Ohio and one of 
1as been since employed in the Geological Survey of Ohio, viz., F. W. Sperr, 
A considerable part of the Census Report on Ohio Building Stones was put 
e by Mr. Sperr, by whom also the geological facts were in large part collected. 
apter is thus largely of his authorship. 

2 courtesy of Hon. (‘. W. Seaton, Superintendent of the Census, allows me to 
advance sheets of this report in the present volume. When published by 
ernment, but a few hundred copies at most will be assigned to Ohio, and its 
ees will thus be greatly restricted, but its adoption in the present volume en- 
8 wide distribution among those that can turn to the best account the valuable 
ition that it contains. 

has been already stated, its materials were gathered under my personal super- 
ind have been largely put into shape by one of my assistants, by which facts 
anected closely enough with the Survey, while at the same time, the respon- 


37 G. 








578 GEOLOGY OF OHIO. 


sibility of the authorship resting with Dr. Hawes, the value of his specis 
and his opportunities for a comprehensive review, give to the chapter : 
that it would not otherwise possess.—E. O.] 


OHIO. 


{Compiled from notes of Professor Orton.] 
SANDSTONE. 


SUB-CARBONIFEROUS.— Those rocks of the sub-Car 
period, called the Waverly group in the Geological Survey of 
the most important as to production of building stone in the 
scale of the state. The following shows the arrangement of { 
tion, according to Professor Orton: 

1. Maxville limestone, in patches. 

2. Logan group. 

3. Cuyahoga shale. 

4. Berea shale. 

5. Berea grit. 

6. Bedford shale. 

No. 1 occurs but seldom. No. 2 consists of fine-grained 
overlying and alternating with massive conglomerates in c 
southern Ohio. Its thickness is about 100 feet. The Wa 
glomerate is a member of this group. No. 3, about 300 fee 
ness, is a blue argillaceous shale in many parts of Ohio, bt 
places contains scattered courses of sandstone of great value. 
ern Ohio these are concentrated and become very valuable. 
from 10 to 30 feet in thickness and is the equivalent of th 
black shale of southern Obio.. No. 5is the Berea grit, the gr 
rock of northern Ohio. It is from 10 to 75 feet! in thickne 
tends in a belt from Williamsfield, in the southeastern corne 
tabula county, westward into Erie county, and thence near 
southward in Adams county to the Ohio river. This stratur 
stone, where it has its best development, consists of heavy s 
often a course at the top of thin broken layers called shell-ro 
ever, in many localities these thin layers are unbroken, even, 
pact, and are quarried extensively for sidewalk paving. No. 
10 to 100 feet in thickness, and furnishes no building stone 
Cuyahoga county. 
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‘he line of outcrop of the Berea grit across the state from north to 
is very near the dividing line between the formations of the Car- 
rous age on the east, where the building stone is almost exclu- 
sandstone, and the formations of Devonian and Silurian ages on 
est, where it is almost exclusively limestone. 
‘he Waverly group, with its well-marked alternations of shales 
andstones, enters the state from Pennsylvania in its northeastern 
r. The northern line of outcrop of the Berea grit in Ashtabula 
'rumbull counties is for the most part deeply drift-covered, and in 
}it has been cut out by valleys of erosion. From Parkman, in 
utheast corner of Geauga county, it can be traced in an almost 
1uous line of outcrop around to the Ohio river. In Parkman 
hip, as far as exposed, it lies in thin, ripple-marked sheets. 
n Mesopotamia, Trumbull county, a quarry of some importance is 
:d by the Mesopotamia Freestone Company, one mile west of the 
center. The stone is used for buildings, flagging, bridges, etc., in 
omediate neighborhood, and is of excellent quality. The nearest 
ad station is 7 miles away. This company has just taken the con- 
to furnish the trimmings for the blocks now building at Burton, 
ya county. From this quarry the Berea grit passes northward, 
ts outcrop may be traced along the line between Geauga and Ash- 
a counties to the southeast corner of Lake county, where it turns 
> soutnwest and follows along the line between Lake and Geauga 
ies into Cuyahoga county. 
The Berea grit is quarried at Windsor, in the southeast corner of 
abula county. This quarry marks the most northeasterly locality 
e the Berea grit has any special economic value as a building stone ; 
rh even here the stone is much inferior to that to be obtained over 
an extent of country from Berea, Cuyahoga county, westward to 
n Heights, Erie county. The pyrites and protoxide of iron con- 
d in the stone at Windsor produce bad discoloration on exposure 
e weather. Asa source of material for heavy masonry this locality 
valuable, as Ashtabula county has no other stone well adapted for 
purpose, and the Windsor quarry has furnished a large amount of 
: for heavy bridge construction on the railroads and highways in 
county. The quarry is located about six miles from the nearest sta- 
and has the same disadvantage as the Mesopotamia quarry for 
ping stone. 





A 
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The most important quarry operations in these counties ar 
on in Howland township, 3 miles northeast of Warren, ' 
county. This stone had been known for many years, and wa 
in a small way before the present company beyan operations. ‘ 
is adapted to the special use of flagging on account of the ext 
ularity of its beds, its composition, its strength, and its durabi 
evenness of bedding it is remarkable among the quarries of the 
Blocks 10 feet square and 1% inches thick are extracted, which a 
edge laid upon the surface would touch at every point. Slabsb 
or 2 inches in thickness have such strength that they go with 
tion into genera] use. Their fine-grained composition causes 
wear in a uniform manner, and they always give a good footho 
only defect in the quarry is that the north and south joints dc 
evenly ; but,as these joints are so far distant from one anoth 
preclude the possibility of transportation of the included ma 
defect is of but little moment. In one case a single strip 150 f 
5 feet wide, and 3 inches thick was raised in the quarry. Th 
although so very closely packed together, are perfectly distinct 
ing to each other scarcely more than sawed planks in a pile. 

All the townships in this neighoorhood avail themselves 
extraordinary supply of flagging, and the town of Warren is s: 
the best paved town in the state; Mahoning avenue may be m 
as exhibiting on its western side some of the finest flagging that 
been laid. It has been sent to distant cities in northern Ohio, 
New York, and western Pennsylvania, and examples of it may 
in Pittsburgh, Mansfield, Hornellsville, Akron, etc. It has be 
for general building purposes to a limited extent. 

The quarries are drained by ditches with a constant good f 
the flagging deposit proper there are found from four to seven 
varying from 1 inch to 6 inches in thickness, the 6-inch cours 
the best and highest priced. The same general character of tt 
holds in the adjacent territory, but is subject to some variation of 
It is of a light gray color, and is the geological equivalent of tl 
which is extracted from the Portsmouth and Buena Vista qu: 
the southern extremity of the formation on the Ohio river. 

The Cuyahoga shales, in which the Austin flag-stones are 
occupy the highest position in the Waverly group in this county 
the southwestern corner of the county the conglomerate of the ( 
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us formation makes its appearance in a ledge called the Braceville 
, which rises to 100 feet above the flat surrounding country, and 
pies a part of the four townships of Warren, Newton, Braceville, 
Lordstown. It is almost entirely destitute of soil, and its promi- 
points are conspicuously grooved and striated by glaciers. This 
has been the dependence of several generations for building stone 
2 surrounding region, but no large quantity has ever been extracted 
y one time. 
Over a surrounding area of 75 square miles whatever stone is used 
yundations, well stones, and bridge stones is mainly taken from this 
The quarry operations are mainly carried on in the way of 
ging’’—that is, in extracting the stone wherever it can be obtained 
e best advantage without reference to future quarry operations. 
yugh no quarries are systematically worked, several are in readiness 
peration at any time; and it is safe to say that, in the aggregate, 
0 worth of stone per year is extracted. The material is a strong 
nduring sandstone, containing but few pebbles, and is of especial 
. since the flat country for many miles around is destitute of stone. 
The Berea grit is quarried extensively at Newburg and at Euclid, in 
hoga county. A quarry has been recently opened on the east side 
e Cuyahoga river, near Independence, and the stone has also been 
ied at East Cleveland. The smaller quarries have not been con- 
ed in the tables. 
Asa flagging material this stone is considered by many to have no 
In northern Ohio. It is now used almost exclusively for paving 
dewalks of Cleveland and of many other northern cities, especially 
2 state of Michigan. It is a fine-grained, compact sandstone of a 
beautiful blue-gray color when first quarried,a eircumstance which 
d it to be extensively used for the trimmings of buildings, although 
‘posure to the weather has frequently modified its appearance. It 
| considered safe to use this material for building purposes except 
undations and bridges, as it frequently contains iron sulphide, the 
tion of which produces stains; and when it has not this defect the 
due to weathering is not so uniform when the face of the rock is 
ed in a wallas when the bed is exposed ina pavement. A greater 
nt of the sulphide of iron is contained in the stone at Newburgh 
in that at Euclid ; and it must be added that examples can be cited 
e the Euclid stone has presented an unmodified appearance after 
of exposure in buildings. 
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The whole stratum of the rock at Euclid is about 20 feet 
ness, and the different sheets are from 2 to 4 feet thick. As: 
stone is sawed into slabs. 

The outcrop of the Berea grit comes from the northeast, a 
the county in Mayfield township. It has no special economic 
the northeast part of the county, but near Chagrin Falls, in t 
eastern part, it lies in thin sheets, und is quarried to some « 
flagging purposes. At Bedford it will not compare favorably 
stone from some of the other localities for purposes of buildir 
is especially valuable for manufacturing into grindstones, wl 
mand a high price in market. That variety of stone which is: 
for grinding springs is especially in demand. The material i 
coarse grained and homogeneous sandstone, filled with litt 
spots of iron oxide. In some portions of the stratum lenticula 
of this oxide occur from one inch to several inches in dian 
render these portions worthless; but as they occur only : 
horizons they are easily separated from the better material. 

At Independence a stone possessing more of the characteris 
Amherst stone is quarried, especially applicable for the manu: 
grindstones, although it is used to a considerable extent as 
stone. The material has been used in the city hall and in s« 
buildings at Cleveland. These quarries are located in a blufi 
crop of stone being about 4 miles long and 1 mile wide, an 
covered by a drift depesit from 1 foot to 5 feet in depth, alt 
some localities the rock is quite bare. 

The Berea grit is at this place only from 30 to 40 feet in | 
and only the top 10 feet have been extensively quarried, as im 
below this there lies a stratum of worthless rock from 3 to 
thickness. Below this, good material for grindstones and 
stones is obtained. This has been little quarried on account c 
of drainage and that of removing the worthless rock referred 1 
large grindstones, which are best adapted for dry grinding, : 
factured from this material, and it is said that the stones do 
when used for this purpose. This stone is especially value 
grinding of wood pulp for paper manufacture. 

The statistics in the tables scarcely give a correct idea of 
nitude of the industry at Independence, as the rock has been 
in many localities in this bluff besides those now operated. 
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\t East Cleveland the Berea grit becomes 60 feet in thickness; 
iIthough it does not possess all the desirable qualities of the 
rst and Independence stones, the Cleveland architects prefer it for 
ations on account of its superior strength and its accessibility. It 
ot been used for any important superstructures in the city, the more 
ent stone, before mentioned, being so readily supplied to this point. 
fhe Brooklyn qtarries, which are situated just to the south of 
land, produce a material which is of about the same quality as that 
in the East Cleveland quarries, but the rock is more broken, and 
d mostly for foundations and underpinnings. Its broken character 
3 it to be easily quarried, but large blocks are not so readily 
ied. 
The largest sandstone quarry in the county is situated in Berea, 
1 an immense amount of material has been extracted for building 
ses and for small grindstones. Nearly 40 acres of the Berea grit 
here been quarried out to an average depth of about 40 feet. The 
m is from 65 to 75 feet in thickness, and has been quarried to the 
m in but few places. The individual sheets are from 2 inches to 
t in thickness, and usually are very even in their bedding. The 
sll lies below drainage level and seems to have been but little, if at 
isturbed since its deposition. Joints very seldom occur. The 
ia usually soft in the quarry and is very easily channeled. It is 
blue-gray color and a little darker as a rule than the Amherst 
-stone.” A larger portion of the formation here is of the so-called 
t-rock” character than at any other locality where it has as yet been 
ied, and this characteristic is also more perfectly developed here 
any where else. . 
The material is not so applicable for ihe manufacture of large grind- 
sas is that obtained in Lorain county, or at Bedford and Inde- 
nce in this county. Small grindstones can, however, be manufac- 
more cheaply at Berea, because the rock can be split into thin 
of any desired thickness with little or no waste. The manufacture 
hetstones is also quite extensive. 


These quarries produce building stones of an excellent quality, 
ugh great care must be taken in the selection of the material, as 
of it contains sulphide of iron in such amount as shortly to disfigure 
irfaces, even discoloring a portion of the wall below it. The mate- 
, however, carefully graded in such a manner as to distinguish the 
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good from the bad stone. For bridge-building purposes th 
stone is considered the best of the sandstones of northern Ohio 
possesses greater strength, Tests made by J. B. and W. W 
indicated that a 1} inch cube would withstand a pressure o 
pounds. The Berea stone has been extensively used throug 
whole country, and may be seen in the following: The Merehar 
of Canada building, Young Men’s Christian Association buildi 
Montreal Telegraph buildings, Montreal, Canada; post-office 
Bank of Montreal] building, and the Garland & Mutchinson | 
Ottawa, Canada; post-office building, London, Canada; p 
building and Bank of Toronto building, Toronto, Canada; cot 
building, Hamilton, Canada; Senator Fessenden’s monument ; D 
Episcopal church, Brookline, Massachusetts; New York Clipp 
ings, block corner Cliff and Fulton streets, a figure of Chri 
high, and Church of the Transfiguration, New York city; B 
Brooklyn, New York; court-house, Camden, New Jersey; 
school, St. Agatha’s church, and St. Luke’s Episcopal church, . 
phia, Pennsylvania ; United States custom-house and post-office 
Delaware ; Young Men’s Christian Association buildings, Norm 
buildings, and Traders’ National Bank, Baltimore, Maryland; B 
and Potomac Railroad depot, National Republican newspaper 

British minister’s residence, and Lewis Johnson & Co.’s Bank 

Washington city; court-house, Napoleon, Ohio; court-house 
ville, Ohio; Exchange building, Bronson’s block, and Madis 
Toledo, Ohio ; court-house, Sidney, Ohio; Beckman’s buildin; 
land, Ohio ; court-house, Winchester, Indiana; court-house, Ct 
ville, Indiana; Masonic temple, Indianapolis, Indiana; cou 
Wabash, Indiana ; court-house, Noblesville, Indiana ; the Ogd: 
Dickey block, and McCormick block, Chicago, Illinois; Unit 
custom-house and post-office, Port Huron, Michigan; cou 
Menomonee, Wisconsin; asylum for the insane, Oshkosh, W 
Cleveland viaduct, representing bridges. 

Three miles west of Berea a large quarry is worked, and in t 
diate neighborhood three other quarries are situated, which have 
tabulated here because they produce but very little building s 
the material is almost exclusively manufactured into heavy gri 
The total value of the grindstones produced from the four qua 
over $10,000 during the census year. Good building stone ı 


BUILDING STONE. 585 


antageously extracted, astherock is very much broken up. Never 
han 12 and usually not more than 7 feet of the rock are quarried, 
ow this the rock is more broken, and iscalled “ shellrock.” The 
products of the quarries are sold for a mere nominal price for 
tions and underpinnings. As the rock lies above drainage it is a 
esirable material for trimmings on account of the permanency of 
yr. The grindstones sell for a little above the average price. 

one quarried at West View is considered equivalent to the Am- 
tone. 

ı addition to the large quarries mentioned, the Berea grit is quarried 
1all way to satisfy the local demand. Cuyahoga county forms one 
most important quarry districts in the United States. 

xtracting and dressing the Berea grit is a prominent industry in 
nd Lorain counties. The material produced from this and the 
ng regions, under the name of the Amherst building stone, is the 
ighly esteemed of any in the state, and it has been extensively 
d to Canada. There are large areas of good stone near the sur- 
way from railroad transportation, which have not been opened. 
aA variety of stones, as regards structure, can be furnished from 
rmation, increasing the number of uses to which it may be ap- 


he Amherst quarries in Lorain county are located in a series of 
which were once the shore-cliffs of Lake Erie. The elevated 
n of these stones is a very great advantage, since the light and 
n color seems due to the fact that this elevation produces a free 
ye, and the stones have been traversed by atmospheric waters to 
degree that all processes of oxidation which are possible have 
early completed. The elevation also facilitatee the extraction. 
racks from the Lake Shore and Michigan Southern railroad pass 
h most of these quarries and supply means of transportation, and 
and F. V. railroad furnishes means of access to those quarries not 
ct communication with the above road. 

he Berea grit at Amherst, as well as elsewhere, varies considerably 
‘acter and solidity within limited distances, and the ledges in 
the quarries are situated apparently represent the more massive 
is of the stratum, which have resisted erosion and have hence 
ft in relief. 

n idea of the arrangement of the strata in quarries can be obtained 
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. from the following section, which is exhibited in the que 
Halderman & Sons, at Amherst: 


Driit matarsal une eo 1 
Worthless. Shell-röck u.a nee 6 
Soft rock, for grindstones ONLy..........scccsccssoscescsescscessscesccsvcesees = 
Buildioug Stone. II REN APIS 
Bridg5 BtonB. Anne 
Grindal0n8...2. nennen MN 
Building stone or grindstone. ........0.esccccsesccscccsces soncecccscvcees sacecs 
Building BtOn@ wsisesssecsvssesenccs unsern ae een ae & 
Building stone or QrindstOne.........scccccccccccscccecccscscsesccsosecccescccs 


The floor of the quarry, moreover, consists of good st 
has been drilled for 12 feet, indicating a still greater thickne 
which could be extracted. 

The other quarries of the region exhibit a similar diver 
terial, although the arrangement is not often the same. . 
colors, the stones may be divided into two classes, called buf 
The buff stone is above the line of perfect drainage, and in 
above given, this extends as far down as the 2 feet of bri 
forming a total depth of 23 to 27 feet. In most of the Amher 
the relative amount of buff stone is greater. 

As will be noted from this section, the different strata a 
plicable alike to the same purposes, and the uses for which tk 
grades of material can be employed depend principally upon | 
and the hardness of the stone. The softest and most uniform 
is especially applicable for certain kinds of grinding, and 
grindstones only, and the production of these forms an imp 
of the quarry industry. In its different varieties the materi: 
cable to all kinds of grinding, and stones made from it are no 
throughout this country, but are exported to nearly all pe 

. civilized world. Some of the finest-grained material is also ı 
manufacture of whetstones. There are various points in the 
the Berea grit where the stone is adapted to this use, but suc 
facture is best carried on when joined with a large interest in 
so that the small amount of suitable material can be selected 
it happens that only at Amherst and at Berea are whetstone 
tured in large quantities. 

The stone which is especially applicable for purposes o: 
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Iso variable. That which is of medium hardness and of uniform 
is used for building purposes or for grindstones ; some is too 
not sufficiently uniform in texture for grindstones, and is used 
ding purposes only; and the material sometimes found which is 
to quarry and to dress is used for bridge-building purposes only. 
regards appearances there is much diversity in the material pro- 
1 this region. There are differences due to diversity of textures, 
s, and of methods of stratification, yet these are seldom recog- 
y the casual observer. Differences in color give rise to the 
‘blue” and “buff” previously referred to, and differences in 
3 of stratification give rise to the terms “ split-rock’’, “ spider- 
ind ‘‘liver-rock”. The regularly and evenly stratified stone 
ified as split-rock ; that in which the stratification is irregular 
arked by fine, transverse, and: wavy lines is classified as 
veb; the homogeneous stone which exhibits little or no strat- 
. is classified as liver-rock. These lines of stratification are 
tly marked by the presence of black ingredients which are 
ed of mica and carbonaceous matter. As regards composition, 
ones are mainly a siliceous sand ; and analyses show that the dry 
l contains usually as much as 95 per cent. of silica, with a small 
of lime, magnesia, iron oxides, alumina, and alkalies. When 
en from the quarry it contains several per cent. of water, and as 
this is retained the stones cut easily ; upon its loss they harden. 
s made for the Clough and Columbia Stone Companies show 
gir stones contained respectively 5.83 per cent. and 7.75 per 
' water when wet, and 3.39 and 4.28 per cent. of water when 
‘he stone is extracted during only eight months of the year, 
is injured by being quarried in the winter and subjected to hard 
-*while still containing this quarry water. The winter months 
:refore, occupied in stripping and channeling. The average 
ss of this sandstone formation is more than 60 feet in these 
3, and in many places, as, for instance, at the Brownhelm quarry, 
ar 80 feet in thickness. An acre covered by stone only 50 feet 
‘ness would furnish over 2,000,000 cubic feet. Many very fine 
rs, both in the United States and Canada, have been built of the 
d Amherst stone, among which may be mentioned the Canadian 
ent buildings, and most of the public buildings in Toronto ; and 
‚no city in the Union in which stone is extensively used where 
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examples cannot be found in which this stone is used for tr 
ornamental work. 

Near Peninsula, in the northern part of Summit co 
west bank of the Cuyahoga river, is a valuable outcrop c 
grit which has been very extensively quarried in the past, 
by canal to Cleveland and thence by lake to various lake | 
pally to Buffalo, New York. The base of the Berea grit is 
feet above the canal. The stone is still shipped quite ex 
canal, and also by the Valley railroad. The principal mark 
is Akron. About 16 feet of the upper portion of the strat 
for general building purposes; below this is a 7-foot cours 
cipally for the manufacture of mill-stones, for hulling barle 
grains; below this, the bottom course, about 5 feet in thi 
rather hard material, used quite extensively for paving pur 
cap-rock is here about 20 feet in thickness; below this the 
course of building stone contains more protoxide of iron tl 
herst buff, and hasadarkercolor. The remaining portion of 
contains less iron, and much of it is almost white. 

The Peninsula stone has the reputation of being exceedi 
but it is harder and less homogeneous than that from tl 
quarries. 

The Berea grit has two lines of outcrop in Summit cot 
each side of the Cuyahoga river. The one on the east side 
to Northampton township, where the stratum lies below 1 
level and contains a considerable amount of soluble compou 
and has a very perceptible odor of petroleum, so that the m: 
suitable for building purposes. The stratum has not been 
the bottom in this locality, but only about 18 feet in depth. 

or layers, so far as quarried, vary in thickness from 6 inche 
The blocks of stone are mostly sawed into slabs for sidew 
Still farther south, on the west line of outcrop in the nortl 
Portage township, a quarry has recently been opened for th 
supplying material for sidewalk paving, and some for steps 
etc. This material is similar to that in the above quarry, e3 
far as quarried in contains no perceptible traces of petroleur 

The exposed strata of rock in Huron county show evide 
disturbances and displacement. Sharp synclinal and anticli 
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n the majority of these exposures, and are most conspicuous in 
pa, grit. 

Mr. Perrin’s quarry the stratum dips at an angle of nearly 45°. 
ets vary in thickness from 8 inches to 10 feet. This stone is used 
lly for bridges and foundations. The rock is quarried by first 
out with powder large masses, which are afterward out by means 
es into the sizes required. 

Mr. Grannell’s quarry the rock has been less disturbed and lies in 
‚horizontal position. The sheets here are not so heavy as in the 
uarry, but the quality of the material is about the same. The 
ary from 1 inch to 5 feet in thickness, and those 6 inches and 
hickness are used principally for paving purposes. The thinner 
re raised from their bed by means of wedges and bars. 

1 farther south in this county, in Fairfield and Greenfield town- 
e stratum of the Berea grit is made up almost entirely of thin 


a quarry in the latter township the sheets vary in thickness from 
to two feet, the prevailing thickness being from 1 inch to 6 
The material is used almost exclusively for paving purposes, 
h it is well adapted, being strong and durable, though much of 
ply ripple-marked and does not make a smooth pavement. 
2 line of outcrop of the Berea grit formation is marked by a 
quarries which cross the eastern tier of townships in Crawford 
(a) The quarries in Polk township are at present of much less 
nce than those in Jackson township in the vicinity of Leesville. 
3 have been worked in this vicinity for thirty or forty years. 
rry of the Ieesville Stone Company is located about one mile 
the railroad station, but a spur-track is now nearly completed 
main line of the railroad to the quarry. The material from 
rry has earned a good reputation, and the stone has been quite 
ely extracted during the last few years. The rock lies below 
| of perfect drainage, and in both color and texture it is similar 
rance to that quarried at Berea, but on exposure to the weather 
changes to light gray. Blocks of any desired dimensions may 
ned in this quarry, and the method of quarrying is the same as 
jloyed in the Berea and Ambherst quarries. The material is 
d for all general building purposes, most extensively, however, 


ogical Survey of Ohio, Vol. III, p. 821; “Geology of Richland County,’’ by M. C. Read. 
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for the construction of bridge abutments and piers. It find: 
markets along the line of the Pittsburgh, Fort Wayne, 
railroad, from Crestline westward into northern Indiana. 
is locally more important from the lack of building stone 
heavy masonry along this portion of the railroad. Other 
favorably located are worked, some with considerable 
quality, but furnishing material for local use. 

In Plymouth township, in the northwestern corner 
county, the Berea grit is quarried for the construction o 
and bridge work in the vicinity of the quarries. Some flag; 
is also obtained from the quarry of Mr. Bevier. The materi 
in this locality is inferior in quality to the Leesville s 
exposure to the atmosphere it is more liable to suffer 
discolorations. 

The Waverly conglomerate furnishes nearly all the ston 
purposes of construction in the town of Mansfield. Iı 
about 60 feet of rock. is exposed. It is considerably bre 
upper 30 feet being in thin layers, and the lower 30 feet i 
1 foot to 6 feet in thickness. Much of this material i 
colored in wavy bands of black, yellow, red, and gray, anc 
a very ornamental stone if it were not so soft and easily wort 
It has been used to some extent for purposes of ornameı 
town of Mansfield. In some of the colored material the 
nates, and the stone is harder but less beautiful in appe 
does not exist in large quantities. In another quarry then 
broken up, and is more uniform in quality, texture, and cc 

The Waverly conglomerate in this locality is a coarse- 
stone, but rather finer than in most other localities where i 
The light-red and gray-colored samples forwarded to the | 
seum were found to be very good and safe stones to work. 
red colored specimen is rather coarse and loose in structur 

A section of the quarry of Mr. D. W. Zent, at Belles 
the following arrangemert of strata: (a) 


2. Coarse pebbles: of drift...nn sei nein 
8. Sandstone in thin layers ........ .usenscenssnnenennonnnnnnnnsnnnnsunnnenens 
4. Sandstone in massive layers............... coscecscses eceessecees anne 
5. Sandstone in layers of 1 foot to 4 feet......... c.cccccsesssee cece. 
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There is but little variation in the character of the material except 
or. The material has been used principally in the construction 
road bridges on the Chicago branch of the Baltimore and Ohio 
ad. Considerable of the material is used at Lezington, Ohio, and 
neighborhood of the quarry. Only a small amount of powder is 
in the extraction of the stone, and the amount of production is 
jlled by the demand for stone by the Baltimore and Ohio Railroad 
any. ‘The layers of stone are from 6 inches to 6 feet in thickness, 
pen joints occur from 4 to 5 inches in width. About 60 feet of 
are exposed in the quarry at the present time, and the formation 
ot yet been quarried out to the bottom. The color of the layers 
the top of the quarry is brownish; farther down some of the stone 
yellowish appearance, and at the bottom of the quarry is a layer 
ttled or clouded stone, a blending of red and brown. 

in abundance of stone of indifferent quality may be obtained in 
einity of Wooster from the Waverly formation. A little north 
2 town a much-broken sandstone is quarried to some extent for the 
ction of material for building foundations and cellar walls. 

The most important quarry in this locality is in the Waverly con- 
rate. In this quarry blocks of any desired dimensions may be 
1ed, and the stone is used principally for the construction of foun- 
1g and bridge work. At the joints the material shows a discolor- 
to a depth of about | inch, due to weathering. A quality of ma- 
rather superior to the above is obtained from the Carboniferous or 
n conglomerate in Chippewa township, in the northeastern part of 
Junty. 

n the quarry of the Walnut Grove Stone Company, operated here, 
blocks are obtained for bridge-building purposes, and some uf the 
ial quarried is used for the construction of foundations. The 
pal markets for the material are at Orville and Wooster, and some 
nsported to Akron, in Summit county. The material is a coarse- 
ed though quite firm and durable sand rock, very suitable for 
‘masonry. At the natural joints inthe quarry the material shows 
ttle discoloration from the effectsof weathering. The marketable 
ial here comes almost to the surface; it is necessary to remove 
about 3 feet of drift material before the marketable product is 
ed. The material is quite soft when first quarried, but hardens 
losing the quarry water. 
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The stratum in which the quarries near Massillon, Stark 
located, according to the concurrent testimony of all the g 
the Second Pennsylvania geological survey, is the second 
sandstone of the great Carboniferous conglomerate; it i 
overlies and often cuts out the lowest coal, known as the SI 
Dr. J. S. Newberry, in the Report on the Geological Survey of 
fines the designation of Carboniferous conglomerate to t 
conglomerate which lies below the Sharon coal. The Mas: 
stone, in the quarries near the town of Massillon, is quarriec 
of channeling and wedging. The courses vary in thickness 
feet, the lower courses being the thickest. The stratificati 
what undulating, and the courses are not uniform in thickne: 
of stone of. any desired dimensions may be obtained from 
quarries devoted to the production of building stone. 
thickness of the stratum is about 60 feet. This material is 
principally for general building purposes, but it is also me 
into grindstones, chiefly for dry grinding. According to the 
of Mr. J. P. Burton, of Massillon, the Massillon sandstone, 
jected to a temperature of 900° F., yet remaine in perfect con 
has used the material for many years in his furnace-stack a 
sillon blast-furnace ; and the stone which stood the above tes 


“from the quarries of Messrs. Warthoret & Co. and used fo 


The texture of the stone is not the same in all the qua 
Massillon, and the finest-grained material is obtained fron 
Paul’s quarry, about 5 miles north of the town. The uppe 
this quarry are crushed for glass-sand and the lower laye 
sand, and but little of the material is used for purposes of cc 
Powder is used for removing the cap-rock, which varies in tl 
quarries from 2 to 10 feet in depth, and for extracting the 1 
glass and steel-sand. 


All three horizons are worked for the Youngstown ma 
Briar Hill and Bear Den quarries belong to the middle h 
those of Austintown to the highest. The ledges in this lo 
rule, grade upward in fineness, and the upper stones give the | 
when dressed. All of them are nearly pure silex, and the was 
of the Briar Hill quarry is all ground or crushed and sold 
works; much of it is adapted also to coarse-glass manufac 
rock of the middle ledge is colored in bands and lines with i 
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ich robs it of beauty, but interferes in no way with its durabil- 
n all northeastern Ohio there is no limit to the amount of strong, 
2, and durable building stone to be obtained. The quarries in 
idle division of the Conglomerate series, on account of the more 
le situation of the outcrops, are more largely worked than the 
s in the upper and lower divisions. 

e Austintown quarries have been worked at intervals since the 
' was settled. The stone is light-brown in color, rather coarse, 
form in texture. It is used to some extent for purposes of orna- 
ion in Youngstown, but its principal uses are for general build- 
rposes and bridge work. Flag-stones of fair quality are also 
d here for the local demand, from a horizon just below the sand- 
dge. Blocks of any desired dimensions may be obtained from 
die division of this series, and the material is used principally 
eral building purposes, bridge work, and to a emall extent for 
ntal fronts. The principal market for all these quarries is 
town. Some material is shipped from the Briar Hill quarry 
sburgh and some is used for purposes of construction by the 
ork, Pennsylvania, and Ohio railroad. 

one for local uses may be obtained almost everywhere in Tusca- 
Holmes, and Knox counties, and for this reason no extensive 
is worked. A quarry was opened and developed for the pur- 
extracting material for bridge construction on the line of rail- 
inning near the quarry, but is now nearly abandoned, becadse 
lroad obtains building stone in cuts through the same stratum. 
one lacks the uniformity of texture and color demanded for the 
lass of work. 

ere are a number of ledges of sandstone, about 20 feet in thick- 
und at different horizons in the Lower Coal Measures in Tusca- 
county, and they all furnish some building stone. A consid- 
portion of the building stone used in the county is obtained 
yasses of rock which have been detached from the solid ledges. 
one from the quarry of the Tuscarawas Valley Coal and Iron 
ny is finer in texture and of a more uniform color than any other 
btained in the county. It is used for “bottom” in the blast-fur- 
longing to this company, and resists the action of heat uncom- 
well. The principal uses of the material from these quarries are 
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for constructions of foundations, underpinnings, and bridg 
vieinity in which the quarries are located. 


Almost everywhere in Holmes county there are lying o 
face large masses of rock which have been detached from 
of the Coal-Measure sandstones. These detached masses : 
local demands for building stone, and no quarries are develo 
ledges. | | 


Near the central part of Knox county, from 3 to 7 miles 
of Mt. Vernon, large masses of rock lie loose upon the surfa« 
have not been transported to their present station, but hav 
in loose blocks on the surface by the undermining and ret 
portion of the soft shales that immediately underlie the s 
sandstone. The quarry operations represented by Messrs 
Brothers are worked in these masses of sand-rock. This sto 
sidered the best material for building purposes to be found 
cinity of Mount Vernon. It is used for all general building 
including caps, sills, columns, etc., in the town and through 
boring country. It is estimated that about 250,000 cubic fe 
obtained in some places from the surface of half an acre in a: 
material has been a source of local supply for about seventy y 


The Waverly conglomerate, which is quarried near H 
tion, is not so highly esteemed as is the stone of the Carbonif 
glomerate, described above. The demand for it is principa 
in the construction of railroad bridges, arches, culverts, a1 
extent for foundations and underpinnings. Some is shipped 
bus, Ohio. The layers of stone in this quarry vary in thickn 
inches to 6 feet, and blocks of any required dimensions m 
tained. It is rather soft when first extracted, but hardens o1 
to the weather. 

In Morrow county the Berea grit crops out, aad is q 
North Bloomfield, Washington, Gilead, and Lincoln town: 
total thickness varies from 15 to 40 feet in different locali 
thin layers of its upper portion are very even and compact, 
an excellent flagging material. The most favorable devel 
the flag-stone occurs near Iberia. At this place the laye 
thickness from 1 inch to 6 inches, but 2% inches is the mos 
thickness; the total depth of flag-stone is about 20 feet, be 
from 18 to 22 feet of heavier layers occur. The quarries are 
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ed of a stream, and only the thin layers are extracted. The 
it of flag-stone that may be quarried in this vicinity is practically 
austible. At present the material is carried on wagons 2 miles to 
parest railway shipping-point, and a considerable portion of the 
ct of the quarries is carried on wagons to the town of Galion, in 
ford county, which is the principal market for the stone quarried 
northern part of Morrow county. 


‘he thickness of the heaviest layers in the county is only about 24 


‘he Berea grit crosses the eastern part of Delaware county, and at 
ury quite important quarries have been developed. It has here 
worked to the depth of about 20 feet, as deep as natural drainage 
ilable. Good building stone might be obtained below this depth, 
‘tificial drainage would be required. This material bears a close re- 
lance to the Euclid “blue-stone” of northern Ohio. The layers vary 
ickness from 3 inches to 3 feet. The thin layers are quarried for 
ng stones, and the heavy ones for general building purposes and 
ne extent for ornamental work. The material finds its principal 
ets at Delaware, Mount Vernon, Columbus, and Orrville, Ohio. 
ıples of it may be seen in the building of the Ohio Industrial 
e for Girls in Delaware county, and in the National Bank building 
laware. 


The sandstone of the Berea grit in the eastern part of Franklin 
ty has considerable local value, because on each side of its outcrop 
urface of the country is occupied by a belt of shale from 8 to 10 
in width, the belt on the west being entirely destitute of building 
-and the one on the cast is nearly so. The formation has, how- 
in this part of the State lost many of the valuable qualities which 
ıcterize it in Erie, Lorain, and Cuyahoga counties. On account of 
scessibility, however, ithas been used quite extensively in Columbus, 
Ohio Institution for the Blind being constructed of it as well as 
al stone fronts. - 


The entire product of a quarry 10 miles east of Columbus is sawed 
e quarry for caps, sills, ashlar, etc., and shipped to various points 
> the lines of the Baltimore and Ohio and Pan-Handle railroads, 
principally to Columbus. 


The greater portion of the surface of Licking county is occupied 
1e rocks of the Waverly formation, but a portion of the eastern 
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part of the county is occupied by the conglomerate and Coa 
rocks. The Waverly conglomerate crops out in bold cliffs. 
an extensive area in Madison and Hanover townships. It 
quite extensively quarried in this vicinity for use as materi 
struction on the lines of railroad running through this sect 
county. It is a rather coarse-grained sandstone, in some local 
uniform in texture, and in others containing pebbles sometim 
in diameter. It is rather soft when first quarried, and works rat 
but hardens on exposure. In some places sections of this con 
100 feet in thickness are exposed in ravines. The quarries | 
ated are located in the banks on each side of the Licking ri: 
quarry is located in the north bank, at the foot of which runs 
canal, which furnishes the means of transporting the material t 
and Columbus, where it finds its principal markets. Another 
located in the south bank, at the foot of which passes the - 
and Ohio railroad. The material is used quite largely 1 
masonry along the lines of railroad, and for general building 
at Newark and Columbus. It varies in color from gray to lig 
The cap-rock necessary to be removed seldom exceeds 4 feet 
and consists principally of soil, loose sand and gravel. 

This material may be obtained with equal advantage on t 
the Pan-Handle railroad, and there is no limit to the amount 
and durable sandstone which may be extracted in this vic 
quarry 1$ miles south of Newark, in the Cuyahoga shale, fu 
fine-grained and homogeneous material, at present used p 
for foundations at Newark and Columbus, Ohio. Trinity ¢ 
the latter place, was constructed of this material, and the o1 
noticed in the stone is the discoloration. It gives evidenc 
strength and durability when laid on its natural bec and w 
quarried sufficiently early in the season to allow it to beca 
oughly dry before being subjected to the action of frost. 

The Waverly sandstone seen in Fairfield county in 
along the Hocking river is generally coarse-grained, often pass: 
true conglomerate ; and it shows the same character in the 
highlands west of the river. It is more commonly of a ric 
color, but sometimes of a darkish brown. In many places th 
firm in texture and capable of resisting great pressure without 


(a) The stratum in which the quarries near Lancaster are 1 
2 (a) Geological Survey of Obio, Vol. IT, pP... —~—~C~— 
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and about thirty feet in thickness. There are but few joints, 
he largest sized blocks may be obtained. The material is used 
pally for bridge construction, canal locks, and general building 
ses. The principal markets for this material are Columbus, Cen- 
le, and Lancaster, Ohio. The material for the superstructure of 
Joseph’s cathedral at Columbus was obtained at the quarry of 
s. Sharp & Crook, and that for the foundation of the same struc- 
rom quarries in the Waverly conglomerate near Hanover, Licking 
y. The amount of cap-rock to be removed is from 3 to 4 feet in 
localities, and as much as 25 feet in depth in other places. Pow- 
employed in quarrying. 
‘he Lithopolis quarries are located in the lower portion of the 
.oga shale of the Waverly group. There are several horizons of 
ng stone in the Waverly group, but this particular portion of the 
ioga shale is quite rich in quarries, especially in southern Ohio. 
isa number of important quarries in the upper member in different 
of the State, as indicated in the tables. The lower portion of the 
oga shale has no economic importance in the northern part of the 
The only important quarry in the whole formation in north- 
hio is that of the Austiu Flagstone Company, in the upper portion 
» shale. In southern Ohio the most important building-stone 
es are in the lower portion of this shale. 


he stone quarried at Lithopolis and at other localities at or near 
me horizon is commonly denominated freestone. It is a fine- 
d sandstone, usually in quite thin courses; is sawed easily, and 
rs a very convenient purpose for caps, sills, and stone fronts. 
bus, Ohio, is the principal market for the product of the quarries. 


tone for the ordinary purposes of construction may be obtained in 
s localities in Hocking county, but only one quarry is developed 
Waverly conglomerate near Logan, and the material from this 
it recently come into the market through the facilities for trans- 
ion afforded by the construction of the Hocking Valley railroad. 
are no important quarries below this point in the Hocking val- 
The stratum of the Waverly conglomerate in this locality consists 
e layers, each about 10 feet in thickness. The rock underlies’an 
' four or five acres with a cap-rock but a few feet in depth, con- 
of clay and gravel, which is easily removed. The qu 

| close to the railroad and is capable of supplying any demand 
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| 
| | for material likely to be made upon it. It finds its principal 
Columbus, Lancaster, and London, Ohio, and has been shipp 
extent to Marion and Winnemac, Indiana. 
| When a canal was constructed through the valley fifty 
it furnished easy transportation for the great ledges of sand 
bound the valley for a dozen or more of miles, and the : 
i] Waverly, Pike county, soon became famous in Columbus a 
| Ohio generally as Waverly stone. The name was early ext 
great group of associated sandstone and shales of sub-Carboni 
as has recently been proved, but the real age was long ar 
question; hence comes the Waverly group of Ohio geology. 
first sandstone, except the local Euclid blue-stone, reached in 
the geological] scale of Ohio that can be quarried. The stra 
shown from Waverly south for 10 or 12 miles. It dips belo: 
just south of the county line on the river’s bed. For thes 
miles it is reached on all the ravines on each side of the r 
stone about Waverly has been followed back under such he 
that the increased expense of quarrying has ruled the mat 
the market. A quarry at Piketon has just been made poss 
Scioto Valley railroad, constructed four years ago. There is 
no first-class stone now available in this quarry. There are 
; posed in it in courses varying from 1% to 24 inches in thickne 
is a great amount of reliable stone in the stratum and a gre 
| that is treacherous. It is by no means equal in uniformity 





is 
Pr 
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| to the Berea stone of northern Ohio. It formerly furnishe 
| | | stone grit of great local value. The stone is always ripple-n 
11 | bears other evidence of having been formed on a shore-l 
| | usually of a uniform gray color, but there is also a variega 
clouded with red which is one of the most striking stones o 
The above, however, is but an inadequate statement in re; 
range of quarries that for many years held the first place 1 
| Ohio. Many other ledges of at least equal value have nov 
| | dered available by the new lines of railroad communication. 
N | The Waverly stone, where it has not been subjected to a 
influences, has the characteristic bluish-gray color of the 
formation in other parts of the State. The difference in c 
| between the weathered portion and the blue-stone is shown 
| lowing analysis made by Professor Wormley for the Report « 
: | logical Survey of Ohio: 
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No. 1 No. 2 
(white-stone)./( blue-stone). 


RS SER beeeesceuececiakcusuenade auaseoesneears 91.30 . 91.00 
WIG OF TON ee 0.86 1.17 
102148 Ol VORN... en 0.06 0.80 
BU RE RN ERERNEEUNEE EEE NE EHEREEBEUINGGN. 5.79 5.20 
RS RENT ESEL EEDIEIRESENARUREL ER EOOETETN Trace. Trace 
VORN a een 0.82 0.28 
7, combined....ussesessenen- ssocecenenscessonssees reseee senseaseeees 1.80 1.80 

Total...... FERNEN seca tweesenccenas-starenueneteees 99.63 99.76 


Near Cynthiana, where the variegated variety above referred to 
rs, there is also found a very white, fine-grained variety, and the 
wing analysis shows this to be very nearly of the same composition as 
above, without the oxides of iron: 





Per cent. 

Silieie acid........escsscsseseeee eos eesvised RUREREIUNEE felicia esesaaanie! 91.35 
Iron, BOSQUIO RIGS u... er Trace. 
AVOID ss sr h ae Masuren 6.00 
Lime, carbonate............cceseseee se ine » 0.75 
Magnesia, carbonate.......euses seorsonne sescsscrenercecececsccscsssscencesess 0.34 
Water, COM DINGO cn 1.00 

Total scsevecteite: 2a eek a 9.44 


The Waverly brownstone quarries lie at a horizon about 40 or 50 
above the Waverly stone, or Berea grit, in its southward extension. 
y lie very near the horizon of the famous Buena Vista stone of 
to county. A number of the best stone fronts at Columbus, Ohio, 
e been constructed from the product of these quarries. The stone 
rown only on the outcrop; when found a few feet under cover it 
mes a dark blue color and loses its value as an ornamental stone. 
blue variety contains a large amount of soluble iron protoxide 
ch produces a bad discoloration on exposure to the atmosphere. 
following analysis made by Professor Wormley for the Report on 
Geological Survey of Ohio shows the composition of the Waverly 
wnstone : 


(a) Geological Survey of Ohio, Vol. II p. 628. 
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Silicie ACI......scsceseesseesnee: ssnnansenennsnsssnnnennenresnsssnnenneenenen ees 
PROBEN. ee 
Sesquioxide Of irON...eesces ssecseeeseccerecevecces reset eeuskenansas 
PUIG nisse 
Lime... = T 
DY GB Basis een . 
Water, COMBINE O visscciuiccicuccéscehvncesbuicnasarsomerinenemn temas 


The quarry which has been the most important is loca 
half way between Waverly and Piketon. Here the stone for 
sive bed 8 feet in thickness. The same ledge has been wor! 
the valley on both sides of the Scioto river for 10 or 12 mil 
quality of stone still remains in easy reach, though some of the 
have already yielded all their brownstone to the market. The 
cap-rock to be removed in these quarries nowhere exceeds 15 


All the ravines that reach the Ohio valley below Portsmo: 
miles disclose a large amount of excellent building stone, b 
ravines that are found from 2 to 4 miles below there is a ho 
closed that lies low enough to be easily reached, and that is 
covered by an easily-eroded cap, so that a very considerable 
building stone has been found readily accessible. This hori 
about the middle of the sub-Carboniferous system in Ohio. 


The Portsmouth quarries have been worked since the first s 
of the Ohio valley. During the last fifty or sixty years a grés 
of separate quarries have been opened, but all on the same 
When the stripping becomes heavy a slight change in locatior 
The land is considered of no great value for any other than « 
purposes. Some locations prove better than others, and these 
worked more systematically of late years. 

At the quarry of Messrs. Reitz & Co. the stone occurs 
from 6 to 24 inches in thickness. These courses are frequeı 
rated by an inch or two of shale. Joints do not occur freq 
interfere with the systematic working of the quarries. For fla 
stone is unequaled in the Ohio valley, as it wears evenly, alw: 
foothold, and is in every way satisfactory. It is well adapted t 
and is used quite extensively for general building purpo: 
material finds its principal markets along the Ohio valley, throı 
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Virginia, Kentucky, and Pennsylvania. It has been used in the 
ıction of the court-house at Athens, and the Children’s Home 
1g at Gallipolis, Ohio, and the Western Penitentiary of Rau 
at Allegheny. 
he quarry of Mr. J. M. Inskeep is located about 12 miles below 
ıouth, on the Ohio river, at a horizon about 60 feet above the 
Vista stone proper. There are 30 feet of rock in about 20 dif- 
layers. The lowest course, about 32 inches in thickness, is the 
aluable stone. This» course is covered by 4 feet of blue shale, 
is the largest mass of shale in this section. The other shale de- 
are but little more than parlings between layers of sandstone. 
yurses are remarkably even in thickness, but those above the 
do not yield a strictly first-class material. For the last threc or 
ars this quarry has supplied material most extensively for the 
bus market, and a number of fine stone fronts have ben construct- 
nit. The stone varies considerably in quality, and needs to be 
ly inspected. 
1e southwestern portion of Scioto county and the southeastern 
of Adams county, two adjoining districts, were once the most im- 
‚ localities in Ohio for the production of building stone. In the 
days of the state an engineer of reputation, employed upon the 
ction of canals, became conversant with the then known build- 
nes of the state, and recognizing the great value and accessibility 
ledge, commonly known as the Buena Vista Freestone ledge, 
a large territory here, and began the development of the quar- 
a large way. Other horizons of good rock were found at various 
but this one bed, by its color and quality, supplied the Cincinnati 
almost exclusively. Its reputation spreads throughout the 
Ohio valley and beyond. Large quarries were opened on both 
f the river, government patronage was secured, and material for 
struction of custom-houses and other public buildings was ordered 
ie Bueza Vista quarries. So great was the demand for this stone 
aterial of poor quality as well as good was hurried into the market. 
een stone while full of quarry water was laid in massive walls, 
: bad behavior of this material soon excluded the stone almost 
7 from the market. It is, however, as good now as when it 
its high reputation, but needs careful and conscientious selection 
table seasoning. 
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Just below the horizon of the Buena Vista stone lie: 
shale, a bed of highly bituminous and very fossiliferous | 
ranging from 15 to 30 feet in thickness. Its bituminous 
makes it a source of petroleum, which rises into the sands 
that Jie above it. This is the source of one of the worst i 
the Buena Vista stone. When followed under cover it is f 
. with petroleum or with tar, which seems not only to disfigure t 
to weaken it to some extent; and other impurities in t] 
masked for the time by this bituminous matter. The oil-be 
is tolerated only in rough, heavy work. "Some of the ste 
sulphide of iron, which, on exposure of the weather, becom 
to the sulphate and goes into combination with compou 
minum, and appears on the surface of the stone as a white 
which has the characteristic taste of alum. Grains and 
pyrites appear in the shales associated with this sandstone, 
very perfectly visible to the naked eye in the city ledge (th 
applied to the stratum proper of Buena Vista stone). ” 
quarried by channeling and wedging in the same manner as 
ries of the Berea grit in northern Ohio. No stone is extra 
market during the winter months, but this time is occupied 
the cap-rock and in channeling. The behavior of the ma 
properly selected is apparent in a number of important s 
Cincinnati, and that of the unselected material may be 
custom-house and other buildings in Chicago. The mater 
been used with good and bad results in a number of othe: 
towns, including Louisville, Kentucky, Pittsburgh, Pennsy 
Detroit, Michigan. 

CARBONIFEROUS.— The Carboniferous conglomerate ( 
glomerate of the Second Geological Survey of Pennsylvania) : 
only important building stone in Portage county. This f 
Ohio geology is commonly called “the Conglomerate.” 

In Franklin, Mantua, and Nelson townships, where it 
it is a coarse, drab-colored sandstone, in places thick set 
pebbles from the size of a pea to that of an egg. It is quai 
localities to a small extent for local purposes. 

At the quarry of Messrs. Case & King, in Windham to 
finer, whiter, and more homogeneous, and answers quite we 
tectural purposes. It is rather too coarse for fine work, bu 
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lurable and well adapted to bridge building and all other plain and 
ve masonry. | 


in Summit county the Carboniferous conglomerate underlies all the 
r portions of the county and forms the surface rock over all the 
le portion, except where cut through by the Cuyahoga and its trib- 
23 ; though generally covered and concealed by beds of drift, it is 
ed and quarried in all the towns north of Akron. Inthe valley of 
uyahoga it forms cliffs sometimes 100 feet in perpendicular height. 
rock is about 100 feet in thickness, generally a coarse-grained, light 
sandstone, but in some localities, and especially near the base of 
ormation, becoming a mass of quartz pebbles, with just enough 
nt to hold them together. (a) 


All the accessible material that is now known in this formation is 
cable to ordinary purposes of building. Although it is quarried in 
different localities for local supply, it is worked extensively in but 
ocalities—at Akron and in Twinsburg township. The quarries at 
n are worked principally to supply the town with foundation 
and the immediate vicinity with bridge stone. The quarries in 
sburg township are at present worked quite extensively to supply 
rial for the construction of bridges on the Cnn and Pittsburgh 
he Connotton Valley railroads. 


A section in Mr. Parmelee’s quarry exhibits 18 inches of soil and . 
1, 15 feet of coarse sandstone in which thin strata of pebbles occur 
1} to 4 feet apart, and 6 feet of very coarse conglomerate under- 
oy shale. The 15-foot course of sandstone occurs in a solid mass, 
h separates easily where strata or sheets of pebbles called “bed- 
5” occur. In the Akron quarries the stone is fine-grained and more 
geneous than in the Twinsburg quarries. In Mr. Hugill’s quarry 
ock has been quarried to a depth of 40 feet, and the material ob- 
d is a coarse-grained sandstone free from pebbles. Formerly, ina 
y known as Wolf’s quarry, near Akron, a local stratum produced a 
reddish purple sandstone, perhaps the most beautiful building stone 
produced in the state, which was used quite extensively in Cleveland, 
‘wo residences on Euclid avenue are constructed of this material. 
uyahoga Falls a similar material has been quarried to some extent 
he construction of buildings in the town. The quantity of this 
ty of building stone is apparently not large, and it seems that it is 


2) Geological Survey of Ohio, Vol. I, p. 212: “Geology of Summit county,’’ by J.8. Newberry. 
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nowhere known at present where it can be profitably quarriec 
way. The Wolf quarry has not been worked for a number ¢ 


The stone quarried for building purposes in Coshocton 
obtained from blocks detached from strata of sandstones of 
Coal Measures. The stratum from which the blocks quart 
parties represented in the tables have been detached is a soli 
feet in thickness, and lies a few feet above the horizon o 
limestone. The material is usually a light-colored sandsto: 
some of it has a reddish color, and some is a finer-grained v 
stone. The stone used for the construction of locks on the C 
through Coshocton county, was obtained from these quarries. 
has the reputation of enduring well ordinary atmospheric infl 
not of withstanding a high degree of heat. It is principall: 
bridge building and foundations in the vicinity of the quarrie 


Material for the ordinary purposes of construction is 0 
various localities in Muskingum county from the Coal-Mea: 
stones, but there is no extensive quarry at any place except a 
mile east of Zanesville. This quarry furnishes by far the lar; 
the stone used for construction in and about Zanesville. It 
used quite extensively for building canal locks, foundatioı 
sidewalk pavements.’ Some of the oldest buildings in Zan 
constructed entirely of this material, and it is found that tl 
more capable of resisting atmospheric agencies than of res 
abrasive action to which it is subjected in sidewalks. This 1 
easily obtained in great abundance and of fair quality, and is 
important among the building stones found in the neighh 
Zanesville. The most conspicuous use yet made of the stone 
construction of the new Court House of Tuscarawas count} 
here been found susceptible of ornamentation to a marked de; 


The most important building-stone quarry in Noble and 
counties is near Cumberland, on the line between the two coun 
stratum quarried is solid and about 10 feet in thickness. Th 
is a dense, fine-grained sandstone, rather hard, but susceptibl 
finely carved: It is of a gray or light-brown color where it 
subjected to atmospheric influences, but as the excavation 
into the hill a material of bluish-gray color is obtained. Joir 
stratum are filled up with a hard calcareous matter deposited | 
tions of the material from a limestone ledge a short distance | 
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one. The size of blocks determined by these joints is about 30 by 
10 feet. The material is employed for all general building pur- 
principally at Cambridge. It is used in the superstructure of the 
house in process of construction at this place. The foundation 
for this building was obtained near Cambridge, from a quarry 
d only to supply temporary demands. 
one for the ordinary purposes of construction may be obtained in 
s localities in Jefferson county from the different sandstone strata 
Coal Measures, which occupy the whole area of the county ; but 
ly quarries that have been developed are those near Steubenville, 
Upper Coal Measures. 
ne quarry furnishes stone for general building and paving pur- 
used principally in the townof Steubenville. The material has a 
color where it has not been exposed to atmospheric action, and at 
tural joints discoloration has penetrated into the rock from 10 to 
1es. This liability to discoloration makes this stone unfit for the 
urposes of construction. 

better material for purposes of ornamentation is obtained from 
arry where two separate and distinct strata of sandstone in the 
Coal Measures occur. There are, in reality, two separate quar- 
cated at different heights, at the side of a hill west of Steubenville, 
re Ohio river. The material from these quarries is used largely 
netery works, bases of monuments and tombstones, vaults, etc. 
rom the upper quarry is better adapted to fine work, but it is not 
nsively used, because the material is not as accessible as that in 
rerquarry. The Episcopal church at Steubenville was constructed 
e from these quarries. 
elmont county is well supplied with material for the ordinary. 
es of construction from the sandstones of the Upper Coal Meas- 
1d the Lower Barren Measures ; and some of the quarries furnish 
al: quite well adapted for ornamental purposes. The most im- 
t quarries are those in the eastern part of the county, near Mar- 
‘erry and near Bellaire. These quarries are located in the 
everal hundred feet above the Ohio river. The quarry of 
iarles Siebrecht is located about 100 feet above the river in one of 
ills. The stratum is a solid mass about 30 feet in thickness. The 
al is used for general building purposes, principally at Mar- 
erry. The stone-work of the suspension bridge across the Ohio 
t Wheeling, West Virginia, is constructed from this material. 
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The total thickness of the sandstone ledge quarried b: 
inson, near Bellaire, is about 40 feet. The rock, for a dept! 
from the top, is very uniform in texture and general appear 
portion of the ledge below this is in irregular masses, unfit { 
purposes, and is locally called “nigger-head.” The layers 
the upper 17 feet are quarried for building purposes, and va: 
ness from 4 to 7 feet. This is esteemed as the best material f 
purposes found in Belmont county. The arches and abutm 
Baltimore and Ohio Railroad bridge across the Ohio river 
and of a number of other bridges on the same railroad, are 
of this stone. The material finds its principal markets 
Ohio, and at Wheeling and Benwood, West Virginia. Tri 
vegetation are found occasionally between the layers of st 
quarry. A short distance above this sandstone a vein of 
and above this a limestone stratum 20 feet in thickress, « 
furnace flux. 

The ledge of rock in Mr. Hutchinson’s quarry is abou 
thickness, and is considerably broken into irregular m: 
stone is fine-grained, rather hard, and difficult to cleave in 
tion. Near the middle of the ledge are two layers, eac 
inches in thickness, which are more regular; the rock, 
found less broken as the excavation advances into the hill. 
quarry is constantly worked for ballast, it has the advanta; 
ing its best material for purposes of construction. Hov 
more regular in structure and better adapted to building 
quite abundant in this locality. There is also a good fl: 
found here in a different stratum ; but this is quarried only 
for temporary demands. The product of the quarry of th 
and Ohio Railroad Company, near Barnsville, is used 
ballast. It has been used to some extent for purposes of | 
on the Baltimore and Ohio railroad. The stratum in whicl 
is located is about 30 feet in thickness, but has only been 
depth of 14 feet. The stratum contains few joints and has n 
planes of stratification. Stone of such fair quality for & 
building purposes is so generally distributed throughout 
the county that it is picked up wherever needed to supy 
sional local demands, and no extensive quarries are devel 
place fur the production of building stone. 
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n Washington county strata of sandstone belonging to the upper 
of Coal Measures are quarried for the production of building 
and grindstones in the heavy ledges along the Ohio river hills. 
nost important quarries are located near Marietta and Constitution. 
rrangement of the different sandstone strata, with their alternate 
, coals, and fire-clays, is as follows: 


Heavy BANG-TOCK 6 ithe wssissncacaseneceasianedsocdseceaiweccasenses 80 feet. 
16 BANG u... 9 feet. 
Heavy sand-rock extensively quarried for grind- 
BIODER nee ern 25 feet 
Sandy Bhale a... 20 feet. 
Heavy sand-rock quarried in places..............scessess „ 86 feet. 
Shale, somewhat ferruginouß............... sssesessssceseees 4 feet. 
Coal, Hobson’s SCaM.........cssssecsccsccccescssccscesscscesenees 1 foot to 6 inches. 
Fire-clay and shale ...... .....ccscccsesesescees reer ree 4 feet. 
[Interval to Ohio TV GP sicseecadesccsscvesascoseeneuscesegniedeests 42 feet. (a) 


The quarries near Marietta and Constitution are all, except Mr. T. 
ywnsend’s, worked in the grindstone stratum, and produce, besides 
stones, material for all general building purposes. The building 
is used principally at Marietta and at various points along the 
river. In different portions of the stratum there are sufficient 
ies of texture to furnish all kinds of grits used for wet grinding, 
he grindstones are shipped to all manufacturing points in the 
d States. The rock splits readily in the direction of the stratifi- 
1. The advantages offered for the transportation of the product 
e proximity of the quarries to the Ohio river greatly aid their de- 
ment. 

The quarry of Mr. Townsend is located on the Muskingum river, 
s devoted to the production of a material mainly for bridge-build- 
yurposes, and some for general purposes of construction. The 
n exposed in this quarry exhibits 65 feet of sand-rock, which 
nes still heavier as the quarry progresses into the hill. It consists 
ers from 44 to 18 feet in thickness. In the lower portion of the 
y the material is rather finer in texture and superior in quality 
at in the upper portion. The quarry was opened for the special 
»se of obtaining stone for the ice harbor, now in process of con- 
tion at Marietta ; but it also furnishes material for other structures. 


Geological Survey of Ohio, Vol. II, p. 472; “Report of Second District.’ by E. B. Andrews. 
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LIMESTONE. 
By Dr. Gro. W. Hawes. 


CINCINNATI GROUP.—The southwestern corner of Ohio 
by what is called the Cincinnati group of limestones, a geo 
mation equivalent to the Hudson River beds of New Yo 
rocks were very early quarried and used for construction 
although the special quarries that are at present in operation 
much more recently developed. Quarries once located o1 
skirts of Cincinnati have suspended operations on accot 
growth of the city. The material is mentioned in the ea: 
upon the geology of Ohio as having been used in 1838 fo: 
burning into lime, macadamizing roads, and even for orzar 
poses. (a) 

Professor Orton gives the following as the order in whi 
which constitute the Cincinnati group in southwestern O! 
ranged : | 

The Point Pleasant beds, 50 feet thick, constitute the lo 
series. The Cincinnati heds proper overlie these, and ar 
thick. The Lebanon beds are the highest, and are 300 
Quarries are developed in each of these horizons. The ro« 
ever they are quarried are very much alike, and are called in 
blue limestones. As a rule they are filled with fossils, an 
layers that are from half an inch to 12 inches in thickness, 
interstratified with beds of shale or clay. Professor Orto 
while this blue limestone has been used from the first settlen 
country, it has hitherto enjoyed the reputation of being service 
than beautiful; but within the last few years it has been 
by combination with other building stones as to produce 
architectural effects, as can be seen in the recent buildings 
and suburbs of Cincinnati. (6) 

The quarries in the Cincinnati group of limestones 
near Cincinnati, more on account of the local demand for th 
cessible stone than for the superior quality of the material at 
There are limestones in the river bed which are upon the sa 
the quarries which produce excellent stone at Covington 


(a) Professor Locke in Second Annual Report on Geological Survey of Ohio, by W. ¥ 
(b) Report of the Geological Survey of Ohio, Vol. I, Part i, p. 878. 
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te shore. These beds are overlaid by 250 feet of shales, which 
led by Professor Orton the “ Eden shales”; and these in turn 
erlaid by the so-called “‘ Hill Quarry” beds of limestones, from 
most of the stone used in the county is derived. 

ix quarries of importance are at present in operation at Cincinnati 
xposures of frum 40 to 75 feet, of which some 10 to 25 feet is dis- 
d throughout the section in layers from | inch to 10 inches in 
ess. Slabs 6 feet long and 6 feet wide can be extracted. 

he lice which is burned from the stones of the Cincinnati group is 
ind unfit for plastering, but for foundations, ete:, it is of especial 
as it possesses some hydraulic capacity. Specifications for cellar 
bridge abutments, etc., in this region always call for Cincinnati 


‚is thus seen that the stone is interstratified with beds of shale, which 
from one-fourth to one-third of the whole section. In other parts 
series the proportion of stone falls to one-tenth of the thickness 
section, the main mass being composed of shale or clay. The stone 
1 exists in such condition as to make a building stone that can be 
) fronts, and it is mainly employed for rough construction, Sane” 
f the churches in Cincinnati have been built from it. 
s the dip of the blue-limestone beds is mainly to the north, while 
rection of the Ohio valley at Cincinnati is toward the south, by 
ding up the river layers of the formation are brought to the sur- 
at are lower than any occurring in the river quarries of the city. 
°oint Pleasant quarries, in Clermont county, are consequently 
d in a different and lower level, and Professor Orton states that 
ction furnishes the most desirable building stone of the blue-lime- 
series. It dreeses more easily and possesses a better shade of color, 
ned with a general exemption from the weathered seams that dis- 
the higher beds. The quarries are situated at the water’s edge, and 
ransportation enables the stone to be brought to the city easily. 
hurch on the corner of Eighth and Elm streets, Cincinnati, the ap- 
ce of the stone can be seen to the best advantage. As the demand 
> stone is local, the annual production fluctuates between wide 
and the value of the product has sometimes fallen very low. 
is quite a large number of small quarries in the neighborhood, 
roducing from $200 to $300 worth of stone aunually. 


393 G. 
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The quarries in Butler county, from which are extracte 
limestone of the Cincinnati group, are situated at and neat 
The character of the stone and the method of its occurrence ¢ 
as those of the other limestone obtained from this group. 
at Hamilton exhibits a section 40 feet thick, of which 18 fee 
distributed in layers of varying thickness throughout the wh 
The individual layers are from 1 inch to 12 inches in thickn 
heaviest layers are found at the bottom. 

The limestones of the Cincinnati group are all highly f 
and the number and variety of the forms found in them ha’ 
them a geological celebrity. The quarrying operations are 
_ bringing to light rare and interesting species, but the specir 
were collected and sent to the National Museum as typica 
predominating number of fossils of the species Chaetetes (no 
lipora), with the shells of brachiopods cemented together b: 
When polished the stones appear very beautiful on account oft 
and delicacy of these fossil forms, but owing to the presence o 
cementing material the polish is not uniform over the wh 
This does not detract especially from the value of the stone for 
purposes, since the fossil forms which give the stone its 
receiving the highest polish are thereby brought into promir 

The fragments of fossils of which the stone so largely c 
apparently first washed together along with the clayey lin 
mud which forms the cement, and which fills the interiors | 
forms. This was apparently solidified into a vesicular ro 
cavities were subsequently filled with clear crystalline cs 
process of such formation is frequently seen in the Ohio lime 
of which are porous, and are filled with cavities which are b 
filled with new crystalline product. Analyses were made of 
stones by Dr. Wormley for the Report on the Geological Survey 

The Point Pleasant rock, which is considered to be t 
building purposes, was by him shown to have the following c« 


BiIGBOUS Mater... ni 
Alumina and iron OXiIdEC..........cccecccsccccccsccccscsecccceccvccsccessecscsouss 
Caleiom Carbonate xcsiscesesecbccviccccaaudtececcncuwesscuschewsenctbacencewcbencm: 
Magnesium  sstcnssccaasenasiaccecensdudawenwacneweNinesies <obsasesvesewas sexs 


(a) Geology of Ohio, Vol. I, Part i, p. 375. 
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NIAGARA GROUP.—The rocks of the Niagara period occupy that 
m of Preble county in which quarries are extensively developed. 
Niagara limestones in Ohio are very often called the Cliff lime- 
3, because they stand in bluffs along the river valleys, and they are 
esteemed as building stones than the rocks of the underlying Cin- 
ti group. 

The following sketch by Professor Orton shows the arrangement of 
ocks in this county : (6) 


Guelph or Cedarville division. 
Springfield stone. 
Upper Silurian, Niagara group | Niagara shales. 
Dayton stone. 
Clinton limestone. 


Lower Silurian, Cincinnati group, Lebanon division. 


The approximate thicknesses of the divisions are aboutas follows: 


Feet. 
Niagara gTOUp. ac 76 
Clinton limestone isis sccscssvessesnsscascnsdeeseccseds nosusssacencconssdcssnsesecdasens 15 
Cincinnati group... 225 


Of these stones the blue limestone is quarried in the southern part 
e county. and was formerly the main dependence in that region asa 
e of lime, but the Cliff limestone was brought subsequently into 
rsal use as a substitute. 

The Clinton limestone has been largely in demand tor chimney- 
3, and has been found especially desirable for all those constructions 
h are exposed to fire or heat. It is an unevenly-bedded stone, often 
y in texture, but no quarries are so extensively developed in it as to 
| consideration. ) 

The stone which is quarried near Eaton is the geological equivalent 
e building stone of Springfield and Yellow Springs. One of the 
st and oldest of the quarries is 3 miles northeast of Eaton ; another, 
iles northeast of Eaton, is smaller. A section of the first quarry 
s 6 feet of so-called cutting stone at the bottom overlaid by 4 feet of 
d building stone with 33 feet of drift material upon the top. A 
yer of grades of material are quarried, and stone suitable for flag- 
‚and copings, as well as for fine and rough constructions, is obtained. 
[t is stated that a stone 10 by 12 feet in superficial dimensions has 
taken out, and that very much larger stones can be obtained. It 
ncipally used for rough building purposes and is sent to Eaton, Ohio, 
o Richmond, Indiana, by team and by rail. 


) Geological Survey of Ohio, Vol. III, Part i, p. 409. 
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These quarries yield an unusually fine quality of flagging 
material lying in very even courses of suitable thickness. A) 
of the limestone was made for the Ohio survey by Professor Wo 
and the composition of the stone is shown to be as follows: 


Caleinm carbonale. sn 
Magnesium ae en 
Alumiıns and Ir00 0208... Sara 
Sıl1C80U8 matter un. air 


The largest quarries in Preble county are located at N 
The building-stone courses are here accessible, but the proc 
burned lime is the chief industry, yielding twelve-nineteen! 
gross earnings ; the lime is distributed mainly to the westwaı 
railrcads leading out of Richmond, Indiana. The quarries pr 
flaggings, copings, bridge and building stones—in fact, the m 
any construction can be here obtained. 

Immense blocks are said to have been quarried at this pl: 
chief market for the stone quarried at New Paris is in easterı 
The specimens sent to the National Museum from Preble cour 
-of a drab color, compact, and rather earthy in appearance, inc 
taking a high polish, and possessing a characteristic appearar 
the presence of porphyritic crystals of a clear, glassy nature, a 
become very prominent upon the smooth or polished surface 
glassy crystals are of calcite, and the forms of the fossils which 
times seen are filled with the same glassy material. The eartt 
mass, which constitutes the bulk of the rock, will not dissolve 
acid, and is of a dolomitic character, as is shown by the ana 
have been cited. The stones consist of irregular, minute grai 
are closely fitted together with rhombohedral crystals of dol 
veloped among them. All of the sections when magnified s 
numerous but exceedingly small particles of pyrites. This is v 
ably produced the 4 or 6 inches of sap or discolored rock 
the natural clefts. | 

The limestones quarried at Piqua, Miami county, are frox 


(c) Report of the Geological Survey of Ohio, Vol. ITI, Part 1, p. 406. 
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orizon ofthe Niagara formation, (a) and are therefore exact equiva- 
of the Dayton stone. They are immediately underlaid by the 
ton limestones, and the glacial action has plowed away the stones 
e Springfield and Covington type which once overlaid them. The 
rial here extracted is of good quality. The stone lands sometimes 
y $2,000 per acre near Dayton. Their value is indicated by the cir- 
stance that, although the stone is not more than 16 feet in thickness, 
frequently extracted in places where 20 feet of dirt and drift must be 
ved from above it. The stone belonging to this horizon is usually 
strong, specimens having been found to resist a crushing force of 30 
on a 2-inch cube. The quarries are situated at and directly south 
iqua, upon the west side of the river, with the exception of one 
ry 24 miles south of the town. The material is sent by rail, canal, 
team to the neighboring towns and cities of Ohio and Indiana, where. 
used mostly for rough building purposes. No prominent structures 
as yet been constructed from it. The thickness of the strata varies, 
it is therefore possible to obtain slabs suitable for pavements. In- 
, it is claimed that slabs 20 feet square from some quarries are 
sible. The town of Piqua is mostly paved with this stone, utilizing 
his purpose the poorer and inferior layers. The walks would be 
tly improved by the use of the better layers. 
In the quarries immediately at Piqua, about 2% feet of the lowest 
rs are heavy and thick, and are used for bridge stones. Then follow 
t 7 feet of building stone, overlaid in one quarry by 1 foot of well 
> and 2 feet of drift, and in the others there are 7 or 8 feet of Grift 
e removed. Quarries below the town are overlaid by 22 feet of 
, the lower portion of which is composed of fragments of broken 
stone, of all sizes and shapes, piled together with an intermixture . 
avel. This stone, like the Dayton stone, is mainly composed of 
um carbonate, which, it is said, usually constitutes over 90 per cent. 
re whole. That it varies, however, between quite wide limits is 
n by the circumstance that of the two specimens sent on, one is quite 
mitic, and will dissolve but little in dilute hydrochloric acid. It 
ins streaks and clear crystalline spots, which are of calcium carbo- 
‚and under the microscope in minute structure it is found to con- 
more or less of sharply-defined crystals, which are probably 
mite. The stone in some of its layers contains more or less 


a ee ee 
a) Geological Survey of Ohio, Vol. III, Part i, p. 468: “Geology of Miami County,” by 
ussey. 
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pyrites, and is mainly of the variety which is called blue 
Some of it will receive a tolerably fair polish, and when thus 
has a prettily-mottled structure, or a gray and white-banded 
according as the blocks are polished upon a plane parallel or pe 
lar to the stratification. 

The Dayton limestone is an evenly-bedded, massive, gray 
of lime, which is sparingly charged with fossils, and which i 
from the very lowermost courses of the Niagara formation, | 
in firm, heavy courses that are at times 10 feet in thickne: 
often very much less. So-called cutting stone is obtained 1 
beds. This term “cutting stone” is generally employed to 
stone which comes out in large blocks suitable for steps, platt 
Cutting stone is sharply distinguished from building stones 
quarries of western Ohio, and brings several times the price 
foot of the latter. The thinner and inferior strata serve a gr 
ity of uses. 

Although stone of excellent quality occurs in various {| 
Montgomery and Greene counties, the market has been thus 
supplied by the quarries situated in the neighborhood of Day 
quarries have there been opened in a belt which lies a mile 
east of the town, whose sections exhibit 5 feet of the so-call 
stone, overlaid by from 10 to 18 feet of drift. They produce a 
building stone (graded in from three to six grades), which is n 
to Dayton and to Cincinnati. The court-house and some of th 
in Dayton were constructed of this stone. 

Another quarry in this same horizon, situated 74 mile 
Dayton, has only 5 feet of drift to be removed; but, on the o 
the thickness of the stratum of cutting stone is least in tl 
The court-house at Sidney, Ohio, is built of this stone. 

At a quarry operated 6 miles east of Dayton the deposit 
4 feet of cutting stone, overlaid by 6 feet of a yellow-colored 
whole capped by 9 feet of drift. Two miles farther to the 
quarry which contains 4 feet of cutting stone overlaid by 3 fe 
The last two quarries are in Greene county. 

Quarries have been opened in the same stratum of st 
neighborhood of Xenia, and these have been widely known 
sively worked. This is in fact one of the three localities to 
contracts for the foundations of large works in Cincinnati weı 
confined, the specifications calling for Xenia, Centerville, 
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This is the easternmost exposure ofthe last named stone. The 
on limestone is a peculiar and exceptional member of the great 
ara series in southwestern Ohio. It lies in lenticular masses of 
aratively small extent, perhaps not more than two or three square 
occurring in any one area. Throughout Montgomery and Greene 
ies the shale, which forms the next succeeding layer of the Niagara 
ition, has in almost all cases been removed by erosion, and thus it 
ons that the stone is immediately covered with the deposits of 
lers, clay, and dirt, as described. The glaciers which have pro- 
| this result have polished and striated the rocks in many cases. 
The composition of the Dayton limestone is shown from the follow- 
nalysis, made by Dr. Locke in 1838: (a) 


Per cent. 

Geltiumtarbönate een 92.40 
Magnesium Carbonate. ............cccccccsccsssccccccvecsscesreces EEE ORTEN 1.10 
Iron Prolog ide... ae 0.58 
Insoluble materigl sco ccssssssccsiass accecnseswd westensee kennen 1.70 
Bolle Mlica 2... een Serene 0.90 
Waler .. 2.0500 ee rennen Austen Seeseedeeiss 1.08 

MOU sn anna 97.71 





The stone from the McDonald quarry, near Xenia, has been analyzed 
rofessor Wormley, (6) with the following result: 


Per cent 
Calcium Carbonate .....ccccscccccsecsscccescccescncsecse sevens acimecibieseautivent 84. 
Magnesium carbonate............ccccccscsssscccseeee IR ESEL OPER IEE EEE ERICBER 11.16 
Alumina end iron 0xid6 .....ucu0cs000us00cn nen cash anne aan 2.00 
Sılic80u8 matter... uk 2.20 
POUL 2a een 99.86 








When examined under the microscope these stones, as illustrated 
e samples sent, are found to be composed largely of fossil fragments, 
ı are so broken and destroyed as to be unrecognizable to the un- 
eye. These fragments are united by an extremely fine-ground 
in which here and there a sharply-definded rhombohedral form is 
yritically developed. These porphyritic crystals are quite promi- 
in the stone from the Huffman Stone Company’s quarry, near 





) Report of Progress upon the Geological Survey of Ohio, 1869, p. 152. 
) Geological Survey of Ohio, Vol. II. Part i, p. 669. 








616 GEOLOGY OF OHIO. 


Dayton. A section of this stone was treated with dilute : 
everything dissolved with the greatest facility, with the e: 
these porphyritie crystals, which may consequently be sup; 
rhombohedrons of dolomite which have developed themsel 
mass of calcite. Although stones of such excellent quality a1 
from the Dayton beds, it is necessary to mention that st 
in which pyrites exist in large crystals at least half an in 
Pyrites is recognizable in the thin section of all specimens 
though this ingredient is not so disastrous in a stone of this 1 
is in other more porous stones, in which the pyrites would not 
reached much quicker by the decomposing agencies, but in 
products of decomposition would more quickly find their ws 
the cracks and crevices of the stone. The material has attai 
reputation. It has been more or less used at various points, a 
Louisville, Columbus and Toledo. Cincinnati has used it ls 
for the last 15 or 20 years it has not been shipped so extensive 
points. 

Beds of the Dayton limestone are developed in Clint 
They have been quarried at Wilmington and Centerville, | 
quarries which have been reported as in active operation ¢ 
census year are situated 14 miles southwestward from Lumbe 
quarry consists of 5 feet ofstone, which is mostly used for roug 
purposes, and is overlaid by 2 feet of drift. The material is 
compact, and capable even of assuming a quite high polish. 
very noticeable that the rock, which to the unaided eye appe: 
pact and non-fossiliferous, really contains a very great numbi 
fragments. It also contains some pyrites, distributed throug! 
in the form of very sharply defined cubical crystals, which in 
mens sent are entirely invisble to the unaided eye, and which 
called deleterious. There are yellowish spots and streaks 
the layers, but this appears to result from the inelusion of clays 
rather than from the oxidation of the iron sulphide. The s 
this quarry finds its market principally in Clinton and Fayett 

The rocks in Clarke county (c) are like those found in Mi 
and Greene counties, but the important quarrying operati 
carried on in the upper beds of the Niagara formation, which 


(¢) Geological Survey of Ohlo, Vol. I, Part i, p. 450: Geology of Clarke Count 
Orton. 
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developed at and about Springfield. These beds are of particular 
‚as they possess a greater thickness than any one of the under- 
formations in the county, and cover a much wider area. In the 
quarries building stones of excellent quality are combined. with 
ial that is converted into peculiarly excellent lime. The accom- 
ng section of the rocks at Springfield indicates the relationszip of 
ds. 


‘he underlying shale occupies the position of the limestone which 
rried so extensively at Dayton and at Piqua. The overlying beds 
ding stone have given the name to the so-called Springfield 
on of the Niagara, and the less compact layers of the overlying so- 
Guelph formation are broken up and burned. | 
‘he Springfield building stone is a carbonate of lime and magnesia, 
ning only small percentages of silica and alumina. Its usual color 
ght drab, although blue and yellow courses occur. The light- 
d stone sometimes is defaced by faint reddish streaks which are 
| by the presence of iron oxide, and which render the stone unfit 
me of the finer uses. The thickness of this deposit of building 
is not more than 20 feet, and is usually less. The lowest courses 
ue in color, and although massive in appearance, they sometimes 
treacherous as building stones, for they are liable to lose their 
ng surfaces, while their seams widen and they undergo a slow dis- 
ation. The walls of the jail ir Springfield furnish an illustration 
e characteristics. The drab courses are almost all of durable build- 
one, and furnish an invaluable supply of building material for 
field and the adjacent country. 
he difference between the blue and the yellow courses in most of 
nestones of Ohio appears to depend upon whether the iron exists as 
3 or as oxide of iron. The pyrites existing in a fine state of sub- 
ın appears black even under the microscope, and the blue color of 
nes apparently disappears with the oxidation of the pyrites. This 
1es an illustration of the circumstance that stones are often im- 
| by decompositions which take place inside the beds, for if their 
is not thereby destroyed there is much less danger of a disintegra- 
y a decomposition of the quarried stones. 
rom quarries within 14 miles west of Springfield the material for 
lverts in the state road were obtained, and the material for the 
at Marysville and for the Masonic hall at Urbana. These quar- 
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ries are known as the old state quarries, because the materis 
in many constructions on the National road. The quarriesai 
the stone from them is used chiefly in building cellar walls, f 
and other rough work of a similar nature. 

Two miles west of Springfield are situated four quai 
furnish similar stone, that is used in Springfield, Dayton, Ur 
don, and Marysville. In all of them the cap-rocks are t 
lime, and the larger portion of the profits results from its sal 

In all cases it is the overlying Guelph beds which are 
the courses of building stones contain a considerable percents 
and alumina, and cannot be converted into good lime, altho 
this material makes a fair cement. The lime product of the 
finds its way in small quantities as far as New Orleans. Iti: 
and strong, and also very white. There is no trouble in la 
‘bricks with one spreading’ of mortar, and skillful workm 
twelve bricks with one spreading. The superior quality of 
worthy of note, since it is ordinarily considered that the va 
is diminished by the presence of magnesia. 

The composition of the Springfield ‘limestones is sho 
following analyses of the middle and upper beds in Mr. Fre 
near Springfield. These analyses were made by Professor V 
the Report on the Geological Survey of Ohio: (a) 


Middle bed. U 
Calcium carbonate .........scccssoe socscescncascescncces cose 54.70 
Magnesium carbonate .......c..cccsccsssscssccesccereeseces 44.98 
- Alumina and iron sesquioxide ......... ..cecsecccrseese 0.20 
“IHCOOUS matter nn 0.10 
Toll 2 aaa 99.93 


It is thus seen that the rocks are very nearly typical 
They vary somewhat in composition, but not so as to at s 
their value as building stones. They possess an open and p 
ture, and are incapable of assuming a polish or being used for 
purposes. In their microscopic structure they are seen t 
crystalline granular type, the fossiliferous character being 
from the microscopic strutture, although fossils are not rare 

The Yellow Springs quarries produce a magnesian lime 


(a) Geological Survey of Ohio, Vol.1, Part i, p. 474. 
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easily worked, and the larger part of which is durable. These 
23 are upon the same horizon as the Springfield quarries, and pro- 
tone of the same natyre. The courses vary in thickness from 4 
nches, and some of them answer very well for cutting stone. The 
jualified commendation can be given to them for flagging, but 
arries have not been extensively developed with the end in view 
lucing this material. For general masonry the stone has proved 
erviceable, and for economy is not surpassed by any stone in the 
There are two colors, which are obtained from different courses, 
1ich are denominated as blue and drab; the blue courses weather 
b in exposed places, but it is not certain that all of the drab 
ave been made by oxidation of blue layers. The blue beds 
mes prove treacherous, and even the firm and massive appear- 
f the stone furnishes no safe guide in judging of its power to 
and the atmosphere. By far the larger portion, however, is 
nt in this respect, and the drab courses are almost without excep- 
tisfactory. 
hree-quarters of the gross earnings of these quarries are, on an 
e, obtained from the sale of lime, sent to market under the name 
Springfield lime, which is the standard for southwestern Ohio. 
section of the quarry shows at the bottom some layers of building 
tting stone, above which is a 10-foot bed of solid limestone con- 
‚the well-known fossils Pentamerus oblongus, and above are 18 
the “shelly” limestone, which is burned. The principal quarry 
; place produces stone for bridges, steps, and sills, which are 
sally used in the vicinity of Yellow Springs. The composition of 
ne from this quarry is indicated by the following analysis by_ 
sor Wormley: (a) 


Per cent. 

alcıum CarbDonate a... 51.10 
fagnesium Carbonate ........u-.nsornonsonnnnnnonunsnannunennen: <seesees nonsancne 41.12 
End and allen. ana oceateeainecniensecaseeereaseneiszesa 5.40 
lamina, with a trace of iron exide........esensenonorsenennensnnenennn sans 1.40 
POCA scicz cusdvabeeehscanewawese oa Nonan bss itakamunes udeeaeaetsaeeunevinavess vaamaeusete 99.02 


»veral quarries in Miami county resemble those at Springfield, and 
ated in the same geological stratum. They are rendered valuable 


Report of the Geolc gical Survey of Ohio, Vol. II, Part i, p. 672. 
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by the circumstance that for 50 miles in some directions ther 
developed quarry. To the northeast, north, and northwest 
is heavily buried under beds of drift, and consequently buil 
are inaccessible. The material from the Covington quai 
tributed, therefore, very widely. The stripping is light, t 
easy, the quantity and quality of the stone are both excellen 
variety exists in the thickness of the various strata. 

The Covington stone is chiefly used for building and 
struction, and it is mostly consumed in Covington, Ohio 
chester and Marion, Indiana. Some bridges on the Pan-Han 
have been constructed from this material. At the town o! 
there are six quarries in active operation, as indicated t 
Some of these must soon be given up, for they lie within the 
and houses are being now constructed in their immediate ne 

The material resembles that which is quarried at Sp 
being porous and easily cut. Of the specimens sent to the ı 
was blue and one yellow, and upon examination it was foun 
differed not merely in the circumstance already mentioned. 
blue layers contain unoxidized pyrites and the other hy 
oxide, but the blue specimen was a dolomite which would n« 
in acids, while the yellow specimen was much more cal 
microscopic properties this stone presents no peculiarities. 
to what we have designated as the porphyritie type ; that is, 
rhombohedral crystals of dolomite developed in a mass 
grains of calcite. 

In Shelby county the upper portion of the Niagara | 
developed, and several quarries have been opened, the produ 
are almost entirely burned into lime. Building stones c: 
obtained at any time and in any quantity desired, 

Hancock county is occupied by rocks of the Niagara and 
periods, and although the Niagara rocks which from here 
narrow strip northward to lake Erie appear to be separate 
great area of Niagara rocks in which the Springfield and Day 
are situated ; they probably extend beneath the Helderber; 
intervene and form a portion of the same deposit. The roe 
at Findlay possess characters almost identical with those of 
field stones. They possess a rather porous and open structu 
in color, and occur in courses from 3 to 12 inches in thie! 
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is strong and durable, and none of it has as yet shown any bad 
from exposure to moisture or frost. It is rather hard to dress, 
one- workers call it “ plucky.” The horizontal surfaces are gene- 
oughened by small angular prominences which fit into corres- 
g depressions in the superimposed layer, forming the structure 
is known as “ suture” jointings. The dip here is very slight, and 
course in allof the Findlay quarries is evenly bedded and about 
thick. The “seams” (open joints) are from 25 to 100 feet apart, 
e close joints usually run at right angles to these seams at greater or 
tervals. For this reason, if the quarry is stripped over a sufficient 
the rock can be obtained without blasting. The material from 
quarries is used for the foundations of buildings and for bridge 
ents in the county, and last year some was shipped to Seneca and 
counties. 
1 composition the stone from the Findlay quarries is dolomitic 
ssesves the characters of the upper Niagara beds. In microscopic 
ire it is beautifully crystalline, the whole mass of the rock being 
up of an aggregate of more or less well-defined rhombohedral 
3. 
; appears that blocks much larger than can possibly be required are 
able here, and that the material, although at present used only for 
construction, could be safely applied asa building stone. Although 
esent quarries have been opened quite recently, along the same 
s upon which these are situated and within a short distance of 
quarries have been in operation for more than twenty years. 
OWEB HELDERBERG.—The Lower Helderberg formation is ex- 
in a narrow strip (a) upon the boundaries of Highland and Ross 
es, and indeed more stone is taken from the quarries at Greenfield 
rom any others in the Helderberg formation of Ohio. The stone is 
r in its bedding, and, therefore, curbings and crossings of excellent 
y are easily extracted. In the Cincinnati market it is largely 
yed for these purposes. Slabs 3 or 4 inches thick, with a super- 
rea of 4 feet, can be obtained with surfaces as smooth and regular 
awed. ‘These stones can be used for door-steps and like purposes 
ıt any dressing. The courses are never heavy, seldom exceeding 
hes, and usually ranging between 4 and 8 inches in thickness, 





Geological Survey of Ohio, Report of Progress in 1870, p. 255: “ Geology of Highland County,” 
sor Edward Orton. 
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The stone is exceedingly strong, 2-inch cubes having been fo 
a pressure of over 50,000 pounds. The quarries produc 
material, as their spalls are saved to be burned into lime of 
Perpetual kilns are set upon the edge of the Greenfield « 
floors of which are kept clean and free from uccumulations 
any kind, and the lime produced is similar to that obtain 
-Niagara formations, but it possessess in some degree hydraul 
which make it especially adaptable for outside work. 

The stone produced is drab in color when first raise 
exposure it generally acquires a yellowish-brown shade, It 
used only for the rougher purposes of construction and for fi 
curbings, but, by proper selection and skillful dressing, : 
obtained from the quarries that produce a good architec 
Without such an exercise of taste and judgment, the sto 
appear well, owing to its monotonous gray color, which « 
pleasantly with the white lines of mortar. On the othe 
regular bedding renders it peculiarly suitable for ordinary 
it can be laid upon its even bed surfaces easily,.and there 
worked with facility and economy. The stone finds its prin 
in Cincinnati. 

It will be noticed that of the large quarries which supy 
cinnati market but one is in Highland county. The other i 
the town of Greenfield, in Rosscounty, In the Highland Co 
one-twentieth of the profit results from the sale of lime, but 
County quarry more than one-half is burned. 


In the Ross County quarry the section shows 42 feet o 
posed in layers, all of which are available. The quarry i 
10 feet of drift material, which constitutes all of the strij 
Highland County quarry shows 35 feet of stone of a like ch: 
laid by 6 feet of drift. 

The stone in the main is non-fossiliferous, but upon th 
a few layers there are found the forms of the Leperditia alte 
characteristic fossil of the Helderberg formation. A layer of 
from 1 inch to 3 inches in diameter is found in the uppe: 
section, and short cylindrical columns which fall out, leaving 
cavities in the stone 3 or 4 inches in diameter, occur in ı 
numbers, and which are supposed to be due to the effects of 

Nodules of zinc-blende are not uncommon in the Gree 
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he fossil corals are sometimes composed of silica, which also is 
uted through some of the stone in bands that separate the layers. 
n composition the stone is nearly a typical dolomite, as is indicated 
following analysis: (6) 


Per cent. 

alctium Carbonate u anne een „ 53.67 
Magnesium Carbonate .......cecescescscsce cesses corsseseecea cer saseascsssseceecescss 42,42 
A OES and Iron... 1.80 
Jalcium and magnesium Bilicates............-sscsccsccscccnseecssces sosescceees 1.44 
SLOW u a een 1.00 
Total ... 99.88 


Vhen examined under the microscope the whole stone shows the 
teristic crystalline granular structure of the Helderberg formation. 
‚are streaks of iron oxide and carbonaceous matter which proceed 
alar wavy lines through the sections, and these bituminous sub- 
s are what give to the stone the strong fetid odor which is produced 
iking or cutting it. The quality of the lime produced is another 
nce that magnesian limestones may be converted into lime of ex- 
t quality. 
Juarry operations have been carried on at Greenfield since the first 
nent of the country, to satisfy the local demand, but in recent 
the business has been greatly enlarged for the more distant markets 
the line of railroads, and especially for the Cincinnati demand. 
upply of stone is practically inexhaustible. 
n the southern and western part of Champaign county the Helder- 
or Water-lime rocks have been quarried in numerous places; 
rly a quarry at Salem supplied most of the local demand, and the 
ing and flagging stones used in Urbana were obtained there until the 
tone of Bereasuperseded them. The stone obtained in the neighbor- 
of Urbana is of indifferent quality for building purposes, but here 
ound in a drift-covered region in an area which for 25 or 30 miles 
ch direction is devoid of stone. Only about 14 feet of the upper 
‚ have been much quarried. The floor has been sunk to a greater 
, and the stone from the lower courses is proving itself to be a 
ble building stone for rougher work. There is no so-called cutting 


) Report of Progress of Geological Survey of Ohio, 1870, p. 287. 
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stone in the quarry, and the accompanying section will give 
the method in which the strata of the Helderberg are arra 
point. It will be noticed that there is much greater diversit} 
stratification than is shown in the Greenfield quarries. 

The specimen sent to the National Museum is a light 
somewhat streaked with réd. Its material is of the same c 
that of the other. Helderberg stones—that is, a dolomite — 
crystaline, microscopic structure, and which emits a bitun 
when struck with a hammer, although the odor is not so stra 
case of some other Helderberg rocks. 


Allen county is almost entirely covered by limestones of 
lime or Helderberg formation, (a) and all of the quarries tha 
considered worthy of note extract stone from these beds that 
the more ordinary building purposes and for foundations : 
pinnings. The upper beds of the Niagara formation occur ir 
eastern corner of the county, and a few quarries were once 
those rocks, but the building material that was extracted w 
and the production of quicklime from them was not profitab] 

Although the building stone obtained from the Heldert 
rule, not of excellent quality, still, as it is the only accessib! 
it is of much value. 

The stone quarried directly in Lima is an inferior buil 
and is seldom used for foundations above ground, but is in ¢ 
the underground portions of foundations. The quarry is w 
to obtain stone for macadamizing than for any other purpose. 
thin layers, and a block 6 inches thick is seldom obtained. 7 
bedded character renders it applicable as a flagging stone ; t! 
however, is uneven. 

The material obtained from this quarry is a dark gra 
which is quite porous in its character ; it dissolves in hot acic 
little residue, and the solution is found to contain only tra 
oxide, which the microscope proves to exist in the state of py 
polishing of a face upon this stone renders its fossiliferous chs 
prominent, which is not common in the rocks of this forma 
stone is very bituminous and gives forth a fetid odor when : 
the hammer. 


(a) Geological Survey of Ohio, Vol. II, Part i, p. 897: Report on the “Geology of 
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quarry 4 miles north of Lima is said to produce some material of 

better quality. It is situated near the Dayton and Michigan 
id, but a side track could not be constructed to it without con- 
ble expense on account of the heavy grading that would be 
ary. Some of the courses are over 1 foot thick, and some from 
inches thick have been used for sidewalk paving in front of the 
Machine Works, where it gives indication of both strength and 
lity. The following is a section of the strata in the quarry : 


Feet. 
ee TEEN saeeancen ace nance seueeaueuseamies ses ERORTRSEEESESDENENN 3 
3uilding stone for ordinary foundations ...............sc.sssccees annnnarnsone 8 
Jark gray DAVING SIONE assess nee ee 13 
SIG Bhaly Mmalerial un. Br 
BING Alone ae en 


‘here is no natural drainage below the paving stone, and for this 
the underlying blue-stone has not been extensively quarried. 
ding to the testimony of all builders and contractors the etone in 
jttom of this quarry is the best building material found within a 
of at least 30 miles. The shaly rock which overlies the blue- 
forms good material for the macadamizing of roads. The material 
the paving stone, which is used for foundations, occurs in thin 
vhich are never more than 3 inches in thickness. 
‘he specimen which was sent from this quarry was taken from the 
or “‘blue-stone” layers; it has a dark-gray color, finely banded 
et darker lines, and much more compact than most of the stones 
‘om the quarries in the Helderberg. Indeed, no pores or cavities 
found in it, and its texture was such that it admitted of a fair 
, as indeed do most of the Helderberg limestones. The stone 
his quarry is a dolomite, but on being dissolved in hot acid quite 
e residue of argillaceous character is left undissolved, and it con- 
bituminous substances which impart to it the character of a fetid 
one. It contains little or no iron. 
. quarry is situated 5% miles sortheast of Lima, and the following 
n indicates its character and the uses to which the stone is applied : 


IIIPPIDR. un ua feet... 5 
ROR BLONDE... eat do..... 8 
stay büllding BLONDES u... ecke do... 8 
[wo courses Of blue-8tone ...... .-.osessenensonsensonsnnosuenunsnnsesennsen inches... 6 
ae Olay ou Or, 4 
rar building Elond. u an an N NE 


40 G. 
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As in the case of the preceding quarry, the thickness o 
of the gray building stone is as yet undetermined. It occu 
from 3 to 6 inches thick. The upper 3 feet of stone, whicl 
the purpose of macadamizing, is extracted with neither pr 
The material is a more or less porous dolomite of a gray cc 
and streaked with black, which is due to the arrangement! 
minous substances contained in the stone. Of the two speci 
the National Museum, one was polished upon a surface par: 
stratification, and this treatment developed a beautiful stru 
the presence of a fossil bryozoan, which filled the layer 
Thus the presence of a fossil in abundance was demonstrat 
the rough stone gave no indication of a fossiliferous chai 
stone and the one previously described from Lima are th 
of a fossiliferous character which were sent to the Museum 
were obtained from the Helderberg formation. 


These stones are thus most markedly contrasted wit 
the Niagara, which are almost all fossiliferous, as is indicat 
scopic examination, which very often renders the forms e 
they are invisible to the naked eye. 


In the eastern part of the township of Bluffton the 
better adapted to supplying flagging than building stor 
thickness of the strata usually varies from 1 inch to 3 in 
properly laid down these slabs make a very durable pavins 
sidewalks, cellar bottoms, etc. They are very hard, but brea 
into any required shape. The stone is dark-colored ane 
character as those previously described. Its color is imps 
bituminous substances, and the dark streaks with which it 
very irregular, so that a pattern not at all unattractive 
developed upon the smooth or polished surfaces of the bloc 
dressed in the usual way and laid with white mortar they ı 
tiful wall for smaller buildings. Such large blocks have b 
to insure the possibility of obtaining blocks as large as mig] 

Although the quarries described have been recently 
stone has been quarried in the immediate neighborhood for 

Scott’s Crossing is situated 4 miles east of Delphos, 
burgh, Fort Wayne, and Chicago railroad. A quarry 
produced a drab-colored limestone, which occurs in cour 
11 inches thick, and which serves very well for foundatio 
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h have been in walls for over fifty years show no signs of decay. 
juarry is situated in the bed of the Auglaize river, and is not worked 
ın the spring nor late in the fall, when the water is high. A slight 
is built about the quarry, which is washed out every winter, and in 
jon heavy rains in the summer frequently destroy the works. No 
permanent dam is built, since the site of the quarry is often 
zed, and no excavation has been made in the vicinity to exceed 6 feet - 
pth. The material is mostly used in the vicinity for bridge abut- 
s and at Delphos for foundations for buildings. It has been sent, to 
ited extent, into Mercer county, over the Toledo, Delphos, and 
ingham railroad, to localities where the Piqua stone is not so readily 
Ten inches of coarse sand, gravel, and other river deposits cover 
tone, and about 18 inches of the cap-rock is used upon the public 
ways. ‘This is one of the best building stones quarried in Allen 
ty for the purposes to which it is applied. 
Van Wert county is covered in its northwestern part by the Niagara 
The Helderberg limestone underlies the rest of the county, but 
few exposures of the rock of either kind are known, as the whole 
n is mostly covered by drift. (a) The county is entirely agricul- 
, and the stones where quarried furnish materials that are used 
for foundations in that neighborhood or burned for lime. The 
-kilns at Straughn have caused the most extensive quarrying opera- 
, and the Helderberg stones there extracted are said to burn easily 
cheaply to a beautiful white lime. The Van Wert quarry, which 
2 only one reported as producing any considerable umount of build- 
naterial, also produces quicklime; and during the last census year 
alue of the lime produced was about equal to that of the building 
. The Van Wert stone is a light gray dolomite, which is found in 
es from 3 to 7 inches thick. The material thus far has given 
ence of being a good building stone. Openings have been made . 
1e limestone at several other points in the county ; for example, on 
Little Auglaize, in the northeastern part of the county, a stone 


‘much like the Bluffton limestone has been quarried to a small 
it forthe Delphos market. In the northwestern part of the county 


building stone is said to have been obtained in much thicker 
ses than in any other part. 
A very light gray limestone has been quarried at Charloe, on the 


1) Report of the Geological Survey of Ohio, Vol. II, Part I, p. 314: “ Geology of Van Wert County,’ 
H. Winchell. 
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Auglaize river, in Paulding county, which belongs to the 
formation. This Paulding limestone is a soft stone whic 
courses about 3 feet thick. It has been sawed, and was 
foundation of the court-house and also in that of the Russ 
Defiance, where it has suffered from the action of moistur 
As other specimens of the same stone do not show this dis 
its defective character is very likely due to the circumstanc 
quarried too late in the season. A blue limestone is also qu: 
5 miles farther down the river from Charloe, which occur: 
from 6 to 18 inches thick, and has been used for the con 
locks on the Miami and Erie canal. It is not durable wk 
to atmospheric action, and the quarries have been aband 
demand for the material has been destroyed by the introduc 
White House stone from the north and the Piqua stone froı 


Tiffin is situated exactly upon the boundary between 1 
and the Helderberg rocks, in Seneca county, and its quarrie 
producing only Helderberg rocks, show at some times, at 
exposures of the underlying Niagara limestones. These « 
located on the eastern side of the ridge known as the Cin 
and the characteristics of the rocks are much the same as 
quarries on the western side of the anticlinal in the Helderl 
tion ; but the stones at Tiffin are more massive, and are the 
suitable for heavy construction. The courses are often | 
thickness, and the stones produced are used largely for foun 
bridge work. The product of quicklime from these quarries | 


The stone is light drab in color; it is bituminous, and 
a strong odor when hammered, but this characteristic is no 
as in the dark-colored varieties. The principal market for 
the quarries situated in Tiffin is furnished by the immediat 
hood. Beside the quarries in the table there are several « 
which are worked in the vicinity of the town, and which 
same kind of material in less amount. 

A short distance west of Fremont several quarries have | 
in the strata of the Water-lime or Helderberg formation. 

The only quarry at this point of sufficient importance o 
its production of building stone is situated one mile to the v 
mont, and in this the value of the lime which was produce 
quarry during the census year was ten times that of the bui 
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trata suitable for building purposes are from 1 foot to 10 feet in 
ness, and the material which does not make an excellent quicklime 
nparatively small. As a building stone the material is superior to 
of that used in counties to the southwest, although not equal to the 
isky and Marblehead limestones. It is of a light drab color, full 
all cavities, and works very easily, and some of it is soft and pure 
rh to be sawed. The stripping is sold for macadamizing. It pre- 
the usual microscopic characteristics of the Helderberg rocks, and 
solves in hot acid, leaving a very slight residue. The qualitative 
sis indicates that it is composed of remarkably pure dolomite. 


JORNIFEROUS.—Quite a variety of stone is found in the neighbor- 
of Columbus, for although Franklin county is flat it has a number 
ylogical formations within its limits. To the east lie the Waverly 
tones and the Huron shale, but the limestones of the Corniferous, 
1 lie to the west of Columbus, are by far the most important from 
onomic stand-point. Thick and heavy layers of stone exist among 
trata. From the different layers material suitable for the most 
se uses can be obtained, good quicklime can be made, and being in 
a very pure carbonate of lime, the stone is desirable as a flux for 
ing iron ores. Of late it has been very extensively applied to the 
purpose, especially in the Hocking Valley region. The quarries are 
uated a few miles to the west of Columbus, and have been operated 
long time. Some which have been the most important, for instance 
tate quarries, from which the material for the state-house and for 
of the state-prison was extracted, are no longer worked, but all of 
ıarries mentioned in the census tables are immediately about the old 
‘ies and extract the same material. While the state-house was in pro- 
ff construction, and stone of the best quality was in demand, the Cor- 
yus limestone was worked to a greater depth than it is at present, for 
nest quality of stone is found in the lower layers. At present the 
iction of building stone is subordinate to the production of lime 
lux. 


The Columbus limestone is dense, compact, and strong. There are 


et of the upper courses in the present quarries that average 93 per _ 


of carbonate of lime, and frequently the percentage rises to 95 or 
hile, on the other hand, there are localities where the Corniferous 
tone becomes nearly a typical dolomite, as at Bellefontaine. The 
is fossiliferous, but the fossils are very firmly cemented and do 
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not appear to weather out; in some cases, indeed, the fossil ap 
firmer than its surrounding stone. In microscopic structure 
bears the appearance of a fragmental stone, being compo: 
entirely of fragments of fossils. In the finer ground mass v: 
little rhombohedrons of dolomite are developed, which in n 
apparently dispropurtionate to the amount of magnesia conta: 
stone. Many of the fossils have apparently retained their 
condition, but others have been dissolved away and the forms 
crystalline calcite; and this will perhaps explain the differen 
of the fossils in weathering. The stone is somewhat bitu 
character, as evinced by the odor emitted when struck. Its 
is pleasing to the eye ; it works easily, and will even assume a gv 
Dynamite is used as an explosive to a large extent, a 
number of charges being exploded simultaneously by means of: 
Although the common stone for foundations and und 
used in Columbus is obtained from the quarries, still, during 
year, no great amount of building stone was extracted, and no 
structures were built from the material. The quarries can at 
be operated much more extensively, and will produce a super 
of stone for fine construction. 
~ In the eastern half of Logan county a large island of C 
limestone occurs, the center of which is covered with shal 
around the edges small quarries have been opened for the 
obtaining stone both for building purposes and for lime. (a) 


At the present time the only quarries of special importan 
located in this district are those which are situated a short « 
the northwest of Bellefontaine, and the material which they 
used chiefly for rough work. Although capable of producing 
building material, the more important stone structures in the 
hood have been built of materials brought from a greater dists 
quarry operations are carried on in a quite primitive mann 
present the lower strata in one quarry are inaccessible, since n 
drainage have been supplied, and the quarry is filled with 
depth of from 12 to 15 feet. The top layers of the stone 
extracted, although the lower layers are best suited for p 
construction. 


(a) Report of the Geological Survey of Ohio, Vol. III, Part i, p. 482: “Geology of L 
by Franklin C, Hill. 
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‘he quarry of Angel, Miller & Co., situated a half mile west of 
ontaine, exhibits the following section : 


II nee ee nee aeseuawua ee feet... 5 
Dllar 89a: aan do... 10 
deavy hard BlONe u ..un. a nee do... 5 
Honey-combed porous stone ..........csccsscecsscceees cuawadspusistiacaueae: inches.. 9 
HEAVY BOT BIODE.. reine feet... 5 


)ccasionally some lime is burned at this quarry, although its 
at is small and its quality inferior. 
‘he material that is at present produced by these quarries is a typical 
ite, and in microscopic structure consists of a perfect mass of 
ly defined large rhombohedral crystals of dolomite cemented 
er by a mass of minute little crystals of the same form and compo- 
In many places the crystals are only attached at their corners, 
g angular interspaces, and this accounts for the avidity with which 
is absorbed by this stone. The fossiliferous character, if any 
ally existed, has been entirely obliterated. In color it is light gray, 
| works easily and safely. Its microscopic structure is illustrated 
the plate at the end of the chapter. 
‘he first quarry in Marion county was opened in 1825 in what is 
2 asthe Marion limestone. Ten acres only are considered as belong- 
the quarry. Itis situated in the southeastern part of the town of 
n, and is the farthest south of any quarry in the neighborhood pro- 
x good building stone. A gray stone occurs about 12 or 14 feet 
the surface, and is probably underlaid by blue-stone, but as the 
s considered the best the lower courses have not been opened. 
ther quarries are located in the northeastern part of the town which 
t material for building and quicklime. The largest quarries are, 
rer, operated on the Columbus and Toledo railroad, one mile north 
arion. The stone is considered very strong and durable. The 
ze thickness of the rocks extracted is not more than 8 inches, 
igh blocks 12 and even 15 inches thick are sometimes obtained. 
is no difficulty in extracting blocks of any required dimensions in 
2d for all ordinary purposes of construction. The stone is easily 
ied, being lifted with bars and broken with sledges, no blasting 
tions being necessary except to make an opening in the floor of the 
y for deeper workings. 
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The material is chiefly used for foundations and bridg« 
was largely emploved in the construction of the depots and 
Columbus and Hocking Valley railroad. It is common); 
limestone, although the colors differ at different horizons, an 
also vary in texture and hardness, each layer, however, | 
geneous. The stone is usually quite fine in grain and rathe 
following may be regarded as a typical section representing 
other quarries in the neighborhood of Marion: 


BOL! scscessan REIN EUREN Ne SECHS EIER EEE 
Westhered TOGK 2... een 
BIGESI0BR ner ee 
Gray aloe 2a ansehen 
Blue #008... nenne ee 


The overlying blue-stone is found in blecks from the 
which a gray color penetrates to a variable depth from 

joints. It is liable to contain flinty nodules, from which 
lying gray-stone is almost entirely free. The blue-stone ir 
of the quarry is free from this gray covering ; but the interm 
which is all gray, is considered the best material. 

In these quarries the gray-stone is found near the top, 
other quarries reported from this township, being about 14 
southeast of these, and in the direction of the dip of the stra 

~ layer is not struck until a depth of from 12 to 16 feet from t 


obtained. A very large amount of the cap-rock has bee 
macadamizing streets and for ballast on the Columbus and ' 
road. The quarries in this township furnish the greater 
stone used in the northern part of Union county and in q 
portion of Hardin county. 

The material quarried at Marion is dolomite, containing: 
When microscopically examined it is found to consist of a 
perfect little rhombohedral crystals, each one of which con 
black bituminous substance accumulated in its center, 
cemented together by the calcite, which, although crystalliı 
assume a definite outline. The rock, when treated with col 
acid, effervesces for a while, and the residue when examine 
consist of a multitude of perfect and beautiful little rhoı 
The Marion stone has been selected for representation in 
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scopic sections, and some further remarks concerning its chemical 
osition and structure will be found in the general remarks that 
this chapter. 

At Owen’s station, in the southern part of the county, there is a 
y in the Corniferous limestone from which over 9,000 tons of lime 
jyroken stone were shipped during the census year. Almost the 
2 output was used as furnace flux in the Hocking Valley. 

Six miles northeast of Marion, in the township of Grand Rapids, 
ime limestone is worked quite extensively. A ridge occurs at this 
in which a number of quarries are located. 

Crawford county is well supplied with building material. The lime- 
s are quite well adapted for construction of foundations, but they 
ot at the present time extensively quarried owing to a number of 
s. There are no great demands for stone in this agricultural region, 
he home resources are thrown into competition with the Berea grit, 
1 ig quite extensively quarried at Leesville, in the southeastern part 
> county. In Holmes township, about 6 miles northwest of Bucy- 
ind near the Ohio Central railroad, three quarries are at present 
ed in the Corniferous limestone. The material has much the 
irance of the Marion limestone, but, while it may be of the same 
ty, the courses are generally thinner and not so well bedded. 


[n Lykins township the same limestone is also quarried to some 
t. The material from all these quarries has been used for bridge 
ing and for foundations, but it is more and more displaced by the. 
ville sandstone, especially for bridge-building purposes. 

A large quantity of quicklime has been produced here which has 
shipped from Nevada, in Wyandot county, by the Pittsburgh, Fort 
1e,and Chicago railroad. 

for building purposes the limestone which is quarried from the 
iferous formation at Bloomville, Seneca county, has a higher repu- 
ı than the Helderberg limestones, and indeed it is said that these 
ies produce one of the best limestones in northwestern Ohio. The 
‘ial has been quite extensively used in Tiffin for many years for 
aings and stone fronts, and also for general building purposes in 
field and in the surrounding country. Good material for flagging, 
es, and foundations is quarried, and a slab 25 feet square might be 
ned. It has already displaced in a measure at Mansfield the sand- 
3 which are quarried in that vicinity. 
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The specimens sent to the museum are of an attractive 
and are highly fossiliferous. Some fossils have apparently be 
removed at some period and their places subsequently suppli 
clear crystalline calcite, and some of the fossil forms are 
strikingly apparent upon polishing the surface of the stone. 

Under the microscope the stone is found to consist o 
aggregate of fossil fragments, among which here and there th 
hedral crystals of dolomite are developed in much perfect 
number of these rhombohedral crystals is, as usual, proportio! 
amount of magnesia in the rock, which in this case is about 1 

The limestone industry in and about Sandusky is one of 
extensive in the state. This is partly due to the abundant an 
supply of building stone furnished by the Corniferous stra 
region, and partly to the facilities for transportation by water a 
The city of Sandusky is tounded upon a ledge of limestone, ar 
tion of any kind necessitates quarrying operations. In early 
stone thus extracted was the cheapest building material acce: 
came to be used very extensively. Asa result the use of sto 
general there than in any other Ohio town. 

At Sandusky the upper layers of the Corniferons forn 
composed of a blue limestone of a thickness from 20 to 25 fee 
underlaid by the white Sandusky limestone, which is found 
courses, cuts easier, and is capable of making a better lim 
Sandusky this stratum, which is also from 20 to 25 feet in 
lies beneath the level of the lake, and is not readily accessi 
dip of the strata is, however, away frum the water, and co. 
this layer of white limestone is brought to the surface at M 
and on Kelley’s island. 

The largest quarries are situated at these points. Sandt 
owing to the circumstances mentioned, possesses quite a large 
quarries, and the city itself constitutes in fact a great limesto 
covered with but a very shallow layer of soil or earth. | 
quarries have been worked very largely for home and foreig 
not less than 12 acres having been excavated to a depth of 8 
Sandusky blue limestone is found in layers of convenient thic 
the range work furnished by it presents an attractive appeara 
courses vary between 4 and 10 inches in thickness, and the mate 
largely for flaggings, although not very well adapted for thi: 

is laid in slabs from 4 to 8 feet square, which are not very 
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r until they become polished by wear, and then they are dan- 
ly smooth. For construction purposes the stone has proven very 
e, and the best foundations can be secured at small expense if made 
this stone. It is also used for macadamizing the streets, and 
ly it has been found that a foundation of the Sandusky blue lime- 
an be advantageously overlaid by a thin coat of the white limestone 
binde and cements the road-bed. 


Il of the quarries which in the tables are indicated as existing in 
rporate limits of Sandusky are essentially one, as they produce 
ne material, and only ina single case has a quarry been sunk to the 
f the underlying white limestone. About one hundred and eighty 
in the city have been constructed of this stone. The specimens 
the National Museum from various quarries are identical in their 
st structures. They are bluish-gray in color, compact, and present 
appearance, however dressed. Although they effervesce rapidly in 
hey are quite magnesian, and under the microscope they are seen 
ist of fossil fragments, among which a multitude of little rhombo- 

crystals are developed. In the center of each one of these 
ohedrons is a black spot, which, upon close examination, is found 
ist of pyrites. Sometimes, instead of a single spot, there is a large 
r of dust-like particles, which give to the stone a very marked and 
teristic appearance. These are so numerous that it can scarcely 
bted that they impart the characteristic color to the stone. That 
re situated, however, in the exact center of compact crystalline’ 
a1 cannot but have an influence in protecting them from disinteg- 
and there is no evidence that the presence of this ingredient has 
| deleterious to the stone. | 


he white underlying limestone is what is called a cutting stone, 
n be raised in blocks as large as can be handled. It is more highly 
erous to the unaided eye than the blue limestone, but under a 
cope it is less so, and there is a much larger number of the rhom- 
al crystals which correspond to its more magnesian character. 

t Point Marblehead the limestone quarries are all located in a 
lying a few rods from the beach, where the thickness of the forma- 
arried is from 15 to 25 feet. Already 20 acres, as estimated, have 
ccavated to this depth. 

1ese quarries are among the most famous of northern Ohio, and 
ocation directly on the shores of lake Erie, and the heavy stones 
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that some of them produce, have led to very large use of 
especially in the government works along the line of the | 
Latterly they are losing their place as building stones to s 
but the production of lime has increased. Some quarries 
worked for at least fifty years. In these quarries the lowe! 
are cemented into one solid sheet from which the large dime 
for which the location is famous are extracted. It is from th 
that a large part of the heavy stone used in the Sault Ste. N 
in the northern light-houses, and in other government wor 
derived. Many of the most important public and private s 
the region of the great lakes were built of the Marblehead | 
Detroit and the Cleveland water-works, the light-houses ¢ 
Reef, Marblehead (built over fifty years ago), and Stanard’s 
Superior, were all wholly or partly built of this material. 1 
larly valuable in situations where it is exposed to the acti 
or frost, as is shown by the condition of the old. locks of th 
Marie Falls canal and the light-houses in exposed situation: 
The material from these quarries, like that at San 
magnesian limestone, which contains beautifully preserved 
. centers of the little rhombohedral crystals that characteriz 
Sandusky limestone are free from the grains of pyrites which 
the blue Sandusky layers, and the difference in the color of th 
is to be attributed to this circumstance. 
_ The following analysis, made by Mr. J. Lang Cassels 
the composition of the limestone from these quarries: 


Organic Malle a... 
Moisture.........00. cccscccsevees BERNER ROLE NEN NEPRL ER NR EREARUUN BRRIEANEEEEEN EURER 


The proprietors claim that they could easily extract a bl 
equal in size to the Egyptian obelisk recently introduce 
country, its extraction being simply a matter of expense. 

The block-stone proves to be a source of excellent lim 
long been used, but which of late has been more abundantl 
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f the waste material is devoted to this purpose, and nothing re- 
‚in the quarries except flint nodules. The modern kilns of the best 
uction are attached to some „f the quarries, and 300 or 400 barrels 
ay are turned out from one single quarry. Part of the thin stone 
to lake Superior for furnace flux, where it is highly esteemed, and 
e trade in the lime has been built up at Duluth and in the northwest, 
he best stone of the quarries is now being burned. Much of the 
is shipped to other points to be burned, and all along the lakes are 
which are supplied from Marblehead and Kelley’s island. The 
gan Insane Hospital building at Pontiac and the government 
waters at Erie were constructed of the Sandusky stone. 

it White House, in Lucas county, the same lower beds of the 
ferous are worked, and this is the only quarry which is operated 
y extent on the Toledo, Wabash and Western railroad between 
lo and Wabash. Some of the material is shipped to Toledo, as there 
emand for it in winter, when, on account of the ice, the stone 
ied near Sandusky cannot be shipped to Toledo by water. 

Near Defiance there is some stone quarried from the beds on the 
i river, and the same is true at Antwerp. The quarry at White 
e was not extensively worked until 1879, when the railroad track 
aid into it. The cap-rock has been used for ballast on the rail- 
so that the stripping is accomplished without expense. 

[he weathered rock which is used for ballast is from 2 to 8 feet in 
, and this is underlaid by 6 feet of gray-stone in courses of from 
LO inches in thickness, 6 feet of blue-stone in courses from 6 to 18 
s in thickness, and one course of gray-stone 1 foot 10 inches in 
ness. The bottom course is nearly uniform in thickness and is used 
zavy bridge work. The blue-stone is not of a decided blue color, 
hat of the Upper Corniferous at Sandusky, but is a kind of grayish- 


Napoleon and Defiance, Ohio, and Fort Wayne, Indiana, furnish 
rincipal markets for this stone. 


3UB-CARBONIFEROUS.—A quarry situated at Newtonville, about 8 

west from Zanesville, is the only one in Ohio from which lime- 
s of sub-Carboniferous age are raised for building purposes. There 
everal large quarries in other exposures of this same horizon in 
ern Ohio that are worked exclusively for furnace flux and for lime- 
ng. The Newtonville stone is a beautiful material, very fine 
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grained, quite even in color, and of great strength. Itis ve 
highly fossiliferous, of light gray color, and has thus far : 
effects from exposure to the weather. The Muskingum Co 
house, at Zanesville, one of the finest in the state, is bui 
stone, and it has also been much used for caps, sills, column 
although the production at present is small, it may at any 
creased with a demand for the material ; but at the present ! 
the product is burned. A thickness of about 10 feet of stone 
that being the depth to which natural drainage extends. | 
more of the best of the stone lie below this level, and the 
the layers increases with the depth; upon the top there ar 
thin beds, while at a depth of 10 feet the beds are 16 or 
thickness. ‘The material is nearly pure carbonate of lime 
only traces of iron and magnesia. In its microscopic strı 
pears to be quite highly fossiliferous and very compact, con 
small traces of iron pyrites, the oxidation of which impa 
yellow color which the stone generally possesses. 


CARBONIFEROUS.—A quarter of a mile southwest of 
near the Muskingum river, a quarry has been opened in tk 
of the Lower Coal Measures, from which some material hi: 
tracted which has been used chiefly for caps, sills, and to} 
foundations. The main product of this quarry is burned in 
is not used for the ruder purposes of construction, as it is to 
The ledge from which this stone is taken is a solid mass of a | 
and about 3 feet in thickness. The stripping which overli. 
of stone is 25 feet thick. The material is a compact, earthy 
a very dark color, containing considerable protoxide of irc 
little magnesia. It is very highly fossiliferous and difficult 
is called by the stone-cutters hard and plucky. 


The outcrops of this stone are found abundantly in the n 
of Zanesville, and the material is quite extensively used for 
ing streets. The national road for some distance west of 2 
constructed of it. 

In the townships along the Muskingum the sandsto: 
situated below the coal, affords an excellent building ston 
tensively quarried. The Waverly sandstone also occurs in 
portion of the county. The limestones which also occur i: 
are, upon the whole, of rather inferior quality for purposes 
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and would scarcely be worked if the lime which can be made from 


was not of good quality and demanded for construction in the 
ıborbood. . 


There is quite a large number of quarries situated in the outcrops 
arboniferous limestone in southeastern Ohio, the products from 
h are used as fluxes and for burning, but the two quarries which 
been mentioned in Muskingum county are the only ones which 
of any consequence as producing materials of construction. The 
oniferous limestones of this area are hard to work and do not possess 
highest requisites of a good building stone, but these quarries are 
ble at any time of producing material for building, and in fact do 
nder special circumstances. Although these quarries are worthy of 
ideration in connection with their ability to produce building stones, 
the industry is so insignificant that it has not been considered im- 
unt to tabulate the products of any of them. 

To recapitulate: The line drawn nearly through the center of the 
from Erie county on the north through Adams county on the south 
form the boundary between the area to the east, in which the chief 
rying industry is devoted to the extraction of sandstones, and the 
ern area, in which the only quarrying industry is devoted to the 
action of limestones. 


The geological formations in the limestone area follow one another 
quite regular order, the oldest being situated in the southwestern 
er, and the youngest in the eastern part of the state; and the 
acter of the stone is entirely dependent upon this geological arrange- 
t, as regards both the character and the quality of the material. 


A considerable quantity of stone is extracted from the Cincinnati 
p, but, as already indicated, this is chiefly owing to the circumstance 
the material is in the neighborhood of the large city of Cincinnati. 
uality the material is surpassed by the stone from other formations. 
arrow band of Clinton limestone surrounds the area of the Cincin- 
group, but at the present time this formation furnishes no building 
e8. 


The Niagara or Cliff formation, which succeeds, is one of the great 
ling-stone formations of the state, and in numerous places most 
llent and durable materials are obtained ; but even the subdivisions 
is group determine largely the character of the stones extracted. 
lowest or the Dayton formation produces at all points a hard, com- 
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pact, light stone, while the Springfield division produces a le 
more easily worked stone, and the top beds are almost unive 
verted into quicklime. , 

The Helderberg or Water-lime rocks, which cover a la 
almost without exception bituminous dolomites, but in cha 
from dark to light and from compact to open or vesicular. 
erous limestones are most extensively quarried in and about 
and furnish one of the finest materials obtained in the state, 
the overlying formations are almost devoid of building-sto: 
As regards composition, the stones from these various forn 
from almost typical limestones to almost typical dolomites, anc 
to be no rules which will enable one to decide upon the qual 
bility of the stone from its composition. Experience also d 
that the composition, as regards the proportion of lime an 
does not determine the value of the stone as material for the 
of quicklime, and it would therefore appear that the value of 
more largely dependent upon its accessory constituents an 
scopic structure. 

There is a progressive increase in the amount of magne: 
Lower Silurian limestohes to the Corniferous. The Cinci 
stones of the Lower Silurian contain from 1 to 5 per cent. o: 
carbonate, while the.Clinton limestones of the Upper Silur 
on an average about 12 per cent. The Dayton limestone of 
period contains about the same amount, while the upper divi 
Niagara and the Helderberg formations are made up main) 
typical dolomites. As regards composition the next follow 
ferous limestones are very variable. At Bellefontaine the sto 
mite, and at Columbus it is as good a limestone, containing or 
93 to 95 per cent. of carbonate of lime, and the Hocking Val 
are largely using it for a flux. 

In structure there is less diversity in the Ohio limestc 
those of some of the other states, since the odlitic and co 
forms do not appear; but all other types are found, and tl 
greatest diversity exists in the ease with which stones may 
There are the open, porous varieties, and the varieties whicl 
open and porous, but which have been again partially cons 
the filling of the pores; others in which the pores have b 
filled ; and other varieties in which large crystals bave deve 
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in a ground mass, giving to the stone a porphyritic aspect. There 
e compact fossiliferous stones and the compact non-fossiliferous 
As regards colors, they vary from very light to very dark, but 
3sess the drab, gray, or yellowish tints which are characteristic of 
are called limestones. 
n microscopic structure the limestones of Ohio can all be classified 
ling to certain types of structure which are found to be correlated 
composition. It may be at first remarked that the microscope 
tes that the stones are all highly crystalline. A crystal is a body 
possesses a definite internal molecular structure, and if it is further 
ed that the external crystalline form is a property of crystals, then 
Ohio limestones are more crystalline in their structure than are 
-called highly-crystalline marbles; for in a great many cases the 
vell developed crystals with external planes are developed in the 
of the stone, and in other cases the stone is entirely composed of 
rystals with the form characteristic of the species of the mineral 
composes it. In no case has there been found in any Ohio lime- 
anything which could be called in any correct sense of the word 
stalline; and indeed, in the light of microscopic study, any 
stion which can uniformly distinguish a limestone from a dolomite 
y difficult to find. The progressive increase in the amount of 
sia which is contained in stones is indicated in the microscopic 
ure by the development of little rhombohedral crystals the sections 
ch appear quite conspicuous with their sharply-defined edges. 


Nore. 


ym the statistics gathered by the tenth census of the United States, it appears 
io ranks first in the value of building stones quarried in 1880. There are 250 
s in the state, the output of which exceeds $1,000 annually. The follow- 
resting table was prepared by Mr. T. C. Keily of the Smithsonian en 
.e Builder,” of May, 1883. 


» States producing building stone in 1880 rank in the following order as to 
oduction of all classes of stone, the value given being that of the stone in the 
t the quarry: 


COWIG see $2,541,647 
Pennaylvania su... 1,944,208 
VErDonl. ne een „ 1,752,838 
Massachusetts ...scasassssuencnnnsnnnnnnnee veudsnestessadsesescsecveases „ 1,711,104 


1 6 
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Bi Hlinols oeiscé ceiessticctsessacdseaseence sassy ivetesoa-daisecesstaesectses see 

6... Now York. MEERE IE FDELNPERER aceuvenss we 

1. Maine... NETTE ENTRIES ee 
8. Connetticut.........0 KON OUEEUEURERR NE EEIEEUEPEESEUENSERUEUENNELTHAGEN 

9. Iowa ...... AUSSER SEENUR RER LORENSSOUERHINDNEN ee 
10. Indiana...... EN esau IRORURCEEERPENEE UPRERSERSERSERRG ee 
11.. Rode Bland nenne 
12. Missouri een NER 
18.. NCW Jersey nos 
14. Virginia ....... PER DRESSUR eet os cetceucasuacacees avitens EEG as 
15. Maryland ..........ccccsscscesseeese oe PIE REN ee 
16. New Hampshire ............ccccccscscscsscssecsces MIRRORS m 
17: Minnessta ne u 
TS: “WISCONSIN nissen = 
19. "TEDHnEBBBe re ker e 
20: "GAlIDIE IR... sensiekesstendosys 
91: Kansas eine 
2. Kentucky cine ne 
RO. : Michigan... a ua 
BA... BEOTRE a nerainrsuaue 
25. Colorado...... FE TER EVEE EEE TOWER EIREER EIERN: en 
26:- West Vıpinasanaiinriernn 
27. "Nebraska... ern 
BS. Delaware... 
20: Dakodla 2... ee 
BO. Washington Territory ......... 22... 000220 000000002 000 cee 000 cee nun ann ces 


In an article by Mr. Kelly, in“ The Builder,” for June, 1883, we g 
ing interesting facts; Asto the production of marble and limestone 
mont ranked first, with a value of $1,840,050 ; Illinois, second, with tt 
820,742 ; Ohio, third, with the value of $669,723. 

In the production of sandstone, Ohio ranked first with a value 
New York, ‘second, with a value of $724,526; Connecticut, third, w 
$680,200; Pennsylvania, fourth, with a value of $627,943. 

In®the production of crystalline silicious rocks (granitic rocks), 

‚ ranked#first, with a value of $1,329,815. 
In the production of slate, Pennsylvania ranked first, with a value 





CHAPTER IX. 


CLAYS OF OHIO, AND THE INDUSTRIES ESTABLISHED 
UPON THEM. 


By EDWARD ORTON, Jr. 


SECTION I. 


ORIGIN, CoMPOSITION, ANALYSIS AND PROPERTIES OF CLAY. 


The knowledge of the composition and properties of clay now cur- 
among the clay-workers in Ohio is almost wholly practical, and 
‘may seem to be ground for surprise that such excellent results should 
been obtained with so little aid from science, but it is to be 
mbered that much less has been done for this subject than for 
lel industries. The scientific research directed to it is much more 
y in proportion to the interests involved than in almost any similar 


The literature of a technological subject always represents the pro- 
of science in respect to that subject. In this field it is represented 
aly one book that is largely useful in American practice, viz., Pro- 
r G. H. Cook’s Report on the Clays of New Jersey (Geological 
ey of New Jersey, Annual Report for 1878). This treatise is 
hy of the valuable deposits that it represents, and for the large use of 
this chapter, due acknowledgments are hereby rendered. Much 
lent reading on the subject is contained in the various scientific 
als of the day, but this source is inaccessible to many, and but 
connected information can be obtained from it. 

What work has already been done has proved very valuable, and 
er study, particularly in a virgin field like Ohio, cannot but be 
ictive of good. In many respects the field is different from New 
y, as for instance in,the geological horizon of our clays, which are 
al measure formations, and a careful study of it may be expected to 
' light on many points of interest. 
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Clay, instead of being a mineral formed by the ordinar 
of chemical synthesis, is the result of decomposition of grani 
by a closer definition, is the result of the decomposition of | 
those rocks which yield them, notably granitic and gneissic ro 

clase, the feldspar from which the body of our clays is d 
_ double silicate of potash and alumina ; the other feldspars fo 
panying it are albite, or the soda feldspar, and oligoclase, th 
feldspar ; these latter forms are in small proportion compare 
clase. Ordinary aqueous and atmospheric agencies are : 
decompose feldspar, giving rise to hydrated silicate of alumir 
and a soluble salt of potash, which is carried away by the v 
accompanies decomposition. Feldspar beds are fruitful so 
finest kaolins and china clays, and are rarely found without 
accompanying. | 

The mineral elements in granite and gneiss, as is famili 
quartz, feldspar and mica. The first mineral is not affect 
water, but the feldspars and to some small extent the micas, : 
by the atmosphere. When the feldspar decomposes, the | 
holds the other elements together is gone, and the quartz a: 
carried off by water or mixed with the clay in varying pr 
the conditions of formation vary. The more the water car 
purer the clay left behind. 

The irregularity of composition which is so characterist 
thus seen to be the result of the differing mechanical cond: 
surround the clay as it forms; it is distinctively a mineral in 
forces than chemical affinity have left their mark ; and anot 
of uncertainty is added in the fact that if the mechanica 
were constant, clays would vary with the parent rock, wl 
fixed structure. 

Thus is exposed, in the origin of clay, the reason of 
larity which has so long baffled or retarded progress in it: 
which, once understood, proves the key to all that follows. 


Chemical constitution claims the first attention in a stu 
for in it lie the secrets which control its properties and 
know which is the aim of all investigation. A knowledge 
ject renders possible a comparison of clays as to their value 
selection of clays for special adaptations, insures sale < 
article to well informed purchasers, and relieves us from 
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umb rule. With all the aid that it can render, practice is 
empirical and blind, but without it, how much worse.. The real 
of analysis has never been tested in Ohio, or rather the analyses 
ofore used have been the cause of the present distrust of their value. 
older methods of reporting analysis yield but little to any but an 
t+. The fault is this: the elements are put together in a way that 
nizes no structure; in fact, it rather conceals than brings it to 
e, and those bodies are not classed together which are alike in 
e or effect, so that predictions as to the qualities of clay have met ' 
so little confirmation in experiment that practice has almost aban- 
1 the use of such tests. 
A few yeara ago, clays were believed to be what analysis indicated 
; silicates of alumina with no definite relation of base to acid and no 
1aving much in common. But the study of their origin proves 
slays are mixtures of a real clay, or kaolin base, with various sterile 
rs accompanying it in the parent rock. When this view was first 
unced, that one base is common to all clays, analysis was used to 
at it. But in the work of the New Jersey Survey this point has 
proved, and a mode of analysis used which illustrates composition, 
ture, and quality as well. The proof of the point was very ingenious 
convincing. The standard analysis of pure kaolin was compared 
the average of the best New Jersey kaolins; laying aside the im- 
ies of the latter and recalculating on the basis of one hundred ; 
wo agreed very closely. Then in the analysis of common clays 
, was divided into free silica or quartz, and that combined in the 
Taking the combined water, combined silica and alumina, and 
lating into per cents, it was found that the kaolin ratio was again 
ned, and though some are too aluminous and some too silicious, 
none vary widely, and the important conclusion is proved, viz., 
kaolin is the base of all clays. 
The variations in the clay or kaolinite base, as it is now called, may 
1e to (a) free hydrated silica in the clay, (6) undecomposed feldspar, 
ther silicates than the normal one; as, silicates of lime, etc., (d) 
ation from other feldspars than orthoclase, or (e) errors of analysis; 
of which grounds can explain some variation. One ground is very 
ably a constant source of error; free hydrated silica is believed to be 
nt in nearly all clays, but chemical analysis is not able to determine 
mount with accuracy.” 
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There can be but little generalizing as to the tendeı 
different qualities of clay to be out of the kaolin ratio or i 
comparison of a large number of results obtained from such : 
yet to be undertaken. 

The mineralogical structure, then, appears to be wort 
sideration, as well as the chemical one, in examinations of 
reference to their value. 

The minerals going to compose clay are kaolinite, qu 
feldspar, oxide of iron, lime and magnesia, probably as si 
alkalies, probably present in the mica and feldspar, sulphi 
titanate of iron, and various rare constituents such as cobs 
zinc, etc. 

It must not be supposed that all of these minerals are fo 
clay, but such minerals are found in examining any conside 
ber of clays. Kaolinite, as already mentioned, is a hydrou 
alumina, having a percentage composition of 

5 LT (BI One 


Alumina (Al; DO Nein 
Water gO) see 


which is represented by the chemical formula 
Al, 0,281 0, + 2 H,O 

When pure, it occurs rarely in small pearly scales or 
definite crystalline shape, but commonly it is found in large 
mealy nature. It is white or nearly so, sometimes with a pe 
and sometimes with none, and an unctuous, soapy feel. The 
which make ordinary clay so ud are of course character 
body in a greater degree. 

Quartz is one of the impurities in ‘clay which is always | 
clay is free from it, though the finest kaolins in New Jersey 
two-tenths of one per cent. In the other extreme there is no w 
line between sandstone and clay; since almost any sand 
alumina and water which immediately indicates the presence 
that it is hard to say where the sandy clay ends and the clays 
begins. Quartz is in grains varying from yy-in. to dust ir 
state of division ; occasionally pebbles of large size are found 
the body of the quartz present, falls between the limits assig 
beautiful white sand, with its edges perfect and sharp, and tl 
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ved from the washing machines used in purifying clays finds ready 
to the flint mills for making potters’ silica. 

Feldspar and mica are found in very many clays, particularly in those 
h have never been transported far from the parent rock. In clays 
h have been much disturbed before settling to the beds in which we 
them, mica is not likely to remain in large amount. Feldspar acts as 
uch sand, except in its tendency to kaolinize whenever conditions 
r. 

Since both these minerals are sources of potash and the alkalies, 
highly probable that they are the source of these bodies in clays ; it 
rtain that they frequently are. It is rather hard to picture the free 
ate or even the soluble silicates of potash existing in bodies which 
their present structure and position to slow deposition in water. 


The hydrated sesquioxide of iron is common to all clays in greater 
ss extent. Even in the whitest of china clays some iron is always 
ined. A recent example in the laboratory ofthe State University 
‚ed more than one per cent. in a silicious clay of snowy whiteness, 
gh that amount is usually sufficient to color a clay to a buff or yellow 

Iron is the great coloring agent in clays, and makes all tints from 
‚est buff to cherry red. It is probable that ferrous oxide and sili- 
3 of iron exist in clay, in which state they give it a blue or gray 

Iron is found in all amounts from traces up to seven or eight per 
., or possibly more. The red brick and tile clays of the drift fre- 
tly run over five per cent. 


Lime and magnesia are found in small and persistent amounts in 
ly all clays. In the clays from which the famous Milwaukee cream- 
red bricks are made, the proportion runs up to twenty-three per cent. 
onate of lime, and seventeen per cent. carbonate of magnesia, with 
ly five per cent. of iron. The average brick clays of the drift show 
1 three to ten per cent. of lime, and in these uses it is a valuable agent, 
it would be quite fatal to any of the higher uses of clay. The alkalies, 
potash, soda and lithia, are found in all clays in greater or less extent, 
igh not all together by any means. Potash is most common and most 
imental, lithia is most infrequent and in the smallest amounts. Its 
ence has not heretofore been noticed as an element in Ohio clays, 
once detected, it was found in a number of samples. Mention has 
ı made of mica and feldspar as the probable sources of the alkalies 
lays, and this theory is strengthened from the fact that the largest 
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source of lithia at present is one of the minerals of the mica 
lepidolite. 

‘Titanic acid (Ti O,) has long been known as a constitu 
clays, but the report of New Jersey was the first to bring 
presence to light in the clays of those districts. Reports 
covery have from time to time, for thirty or forty years past. 
lated, but it failed to excite much attention. But its prese: 
but persistent amounts is a constant factor in the later ans 
source is believed to be menaccanite or titanate of iron, and | 
made by Cook strengthen that view. Theamount varies from 
tenths per cent. to two per cent.; it is believed to be as x 
much sand would be in its effect on the clay. If this eleme: 
ported in analysis it makes an error in both alumina and 
fails to go to either perfectly. 

Sulphide of iron is an occasional constituent of clay, | 
yet been noticed in Ohio. The other source of color noticec 
organic matter. The shades produced are all of a bluish-gr 
to black and disappearing when the clay is burnt. The pure: 
like those of Portsmouth and Mineral Point, show a pecul 
and veining which looks like concentric circles of vegeta 
The color of the clay is light gray, and the veins dark blue, ı 
to the same buff tint after calcination. In New Jersey, veget 
is frequently present in lignitic masses, but none of this is se 
Organic matter does no harm unless the porosity produce 
pulsion is a disadvantage, but saw-dust is often added to cla 
porosity is a desired element. 

Rare minerals containing such metals as cobalt, copper, zit 
salts as phosphate of iron are met in clays, but are exception 
no importance in practical work. Thus it appears that mine 
clays are kaolinite, mixed with sand, colored by iron and org: 
and showing varying amounts of feldspar, mica, and other si 
titanates. The chemical investigation of a clay should e 
present these facts, besides grouping those bodies together 
similar in action and effect. 

The following analyses, part of which were made in the 
of the State University for the Geological Survey, and part fı 
sources, will indicate, it is hoped, those points which have b 
sized in the foregoing discussion. They are, as will be se 
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same plan as those of the New Jersey Report; though obtained by a 
different process. In the first three columns will be found the three 
constituents of kaolin, in the fourth, their sum, giving the per cent. of 
real clay in the body. In the fifth, sixth and seventh columns, are the 
sand; titanic acid and their sum, indicating the sterile impurities of the 
clay. In the eighth, ninth, tenth and eleventh, are iron, lime, magnesia, 
potash, soda and lithium, and twelfth, their sum, indicating the detri- 
mental or fluxing impurity of the clay; fourteenth, moisture, and 
fifteenth, sum total. 


The points wherein this report of an analysis is superior to the 
common method are: 

1st. The amounts of true clay in a sample are seen at a glance, while 
it is not accessible at all in the other method. 

2nd. The sterile impurities can be separated and compared with the 
other properties of the clay. 

3rd. The fluxing impurities are expressed in detail and total, and 
ean be considered individually or collectively in their probable effect. 

4th. From a number of such analyses, conclusions may be drawn 
with ease and accuracy, which a less graphic method would fail to pre- 
sent to observation at all. 


Method of Analysis. 


Weigh out 3 grams of finely pulverized and mixed clay into 
a platinum crucible. Fuse with- sodic carbonate, disintegrate in cas- 
serole, acidulate, evaporate dry. Take up in strong HCl, dilute, filter, 
wash, dry, ignite and weigh residue, which is the total silica. The 
filtrate, dilute, and divide into two solutions containing respectively one 
gram and two grams of clay. Take the large solution, heat, precipitate 
iron and alumina with NH, HO and filter. Dissolve, precipitate in 
strong H, SO,, reduce with Zn and titrir with K, Mn, O,, which gives 
the iron. 

Take the smaller solution, take out iron and alumina as before with 
NH, HO. Boil out excess of reagent, filter, wash and weigh. From 
the weight, take out the iron already ascertained. The balance is 
alumina. 

In the hot ammoniacal filtrate, take out the lime with NH ‚0, filter; 
wash, ignite, and weigh as sulphate (Ca SO,). 
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In the filtrate, precipitate magnesia with Na H P¢ 
wash in ammonia water, ignite, weigh as Mg, P, O,. 

The alkalies are determined by J. Lawrence Smitl 
lime and sal ammoniac. . 

Titanic acid is determined in a separate portion of | 
gram ; fuse with pure Na, CO, disintegrate in hot water, fi 
Residue put in casserole, dissolve in HC], expel with H, | 
and evaporate till SO, is given off. Cool, dissolve in cok 
wash and boil filtrate for TiO,, collect, fuse with KHSO,, 
in water, neutralize with Na, CO,, and boil as before, 
Half this weight must be taken from both the alumina an 
titanic acid does not gu to either completely in ordinary a 


The whole value of a knowledge of the composition « 
the insight we gain into their properties and value, but i 
complex study, conjecture and hypothesis still enter in 
amount. 

That the properties of clay depend on its compositi« 
That composition we may easily know, but in the relation « 
to properties is the uncertainty. Besides the effect of cher 
tion, the physical structure has weight in determining th 
clay. Density, though a physical quality, influences grea 
of clays for certain uses. The density of clay varies wit 
tion and structure. The more quartz it contains, the hea 
the specific gravity of silica is 2.5 to 2.8 and that of kaoli 
The mean of nine determinations of good New Jersey ka 
The other elements of greater specific gravity than kaolin 
too small amounts to have any effect. Besides the compos 
their fineness of division and porosity are influential poi 
lieved by some that fineness of grain is detrimental to 
qualities of a clay, it being held that the finer the grain 1 
ing surface is exposed in proportion to the mass, but 
division always goes with closeness of structure, the heat | 
to circulate between the particles of the mass than bet 
grains of a sandy clay ; hence, it is doubtful whether the « 
grain is beneficial or detrimental in this particular. TI 
clay is an important point in determining its use for thos 

once both high heat and great pressure. 
as glass house pots, which must be refractory, to stand 1 
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tt the temperature at which they are used, must also hold a heavy 
of fluid glass as well, and the temperature with some variations 
nsity must be maintained for weeks at a time. Such pots are 
in England of the best Stourbridge clay, which has a specific. 
‚of 2.45 to 2.55. In our own country, we use a mixture of various 
clays, with the famous Gros Almerode clay from Germany, which 
specific gravity of 2.2. The Missouri clays, much used for this 
work, are also very heavy. None of these clays owe their weight 
r composition, but entirely to structure. From these points it 
seem that fineness of division, entailing as it does superior density, 
refit to a clay. 


nother property of a physical nature is plasticity. With the 
yanying property of permanently hardening under heat, it is the 
- which gives clay its widest use. Various explanations have been 
, but none are yet advanced which make clear all points. It has 
scribed to the impurities, to the alumina, to the combined water, 
other causes, against each of which, examples can be cited that 
D set it aside as inadequate. The impurities do not appear to 
the plasticity, for the sand acts unfavorably to it. The alumina 
responsible, or kaolins would be the most plastic of all, while the 
ays of Ohio are many of them approximately pure kaolins, and at 
ne time eminently non-plastic. The combined water exerts some 
ce it is evident, as its expulsion entails permanent loss of plas- 
but it cannot be the sole cause of plasticity, as clays equally 
ed are just as liable to differ in this respect astoagree. Notheory 
vell received at present as that advanced by Cook. He shows 
e microscope reveals a crystalline structure which the eye does 
‘ect, and that this structure varies greatly in degree of perfection 
rent samples. Some are composed of masses of hexagonal plates 
es piled up in long bundles or faces and masses of unattached 
nearly perfect. Such clays are always but little plastic, but may 
e so on mechanical treatment such as grinding and kneading; 
examination the clay then shows the same elements of structure, 
oken and confused, no bundles left intact, scales broken and 
ogenous matrix of the crushed material derived from the still 
line part. Clays are found in all states of this breaking up, from 
hly crystalline mass to the homogenous matrix showing no plates 
and on the degree in which the crystalline structure is retained, 
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its plasticity depends. This theory is certainly plausible 
ported by the fact that we always subject our clays to secu 
plasticity to mechanical disturbance which has the effect th: 
scope reveals, This view harmonizes with more points th 
advanced as yet, and offers a fair solution of the differen 
plasticity which plastic clays exhibit, but it does not exy 
tempt to explain, the differences which exist between fli 
plastic clays, as Professor Cook’s examinations were enti 
to the latter, 

There is no theory worth consideration at present co 
difference between flint and plastic clays, Suffice it to say, 
in chemical composition, or water of hydration, and, as its 
depend on the physical structure of the clay. Possibly 
studied to the best effect through the microscope. 

It has been already mentioned in connection with pl 
this property is permanently lost by heating to redness, or 
the water of constitution. It is this point which brings ir 
essential to plasticity. The changes which accompany hea 
are as follows: First, the complete drying or loss of moistt 
accomplished by maintaining the temperature at 212° F 
hours; next, the elimination of the water of constitution, « 
the clay becomes rigid and stone-like. When once ex 
never be taken back. Rehydration is impossible. Thong 
be absorbed by brick it can all be expelled at 212° F. Af 
ing the expulsion of the combined water, the organic matt 
The matter is not ordinarily found agglomerated enough 
rosity on expulsion, but is distributed in such a way that 
merely shows the natural color of the clay. 

The expulsion of combined water is nearly always ace 
a diminution in volume, which varies directly as the water, 
of the clay. Pure kaolin shrinks as much as one-fourth « 
is stated, sometimes even more. The sandy clays used in n 
pipe and stoneware shrink from the tempered state from 
one-sixteenth, usually about one-twelfth. The shrinkage ot 
would be very much less, probably not over 3 or 4 per cen 

A clay, when all the water of crystallization is expel 
shrink any more at red heat, out with inereased heat will 
anc more up to the moment of fusion. A pure kaolin appaı 
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reated a second time, even if the water is all expelled by the first 
et it is practically impossible to fuse it. Buta good flint clay 
ing some sand will lose all shrinkage on being once calcined at 
eat. Such clay is then used to counteract shrinkage in a body of 
slay, as this effect is obtained by mixing in sand or some non- 
ing body. Many clays contain sand enough naturally to shrink 
r none on heating, and some are so sandy as to actually expand, 
usually at the expense of soundness of structure ; for the particles 
will shrink away from the grains of sand and this renders the 
re very friable. 


1e qualifications of a clay for common pvttery and building mate- 
: simple, viz., plasticity when wet, and solidity and hardness when 
, but those products involving the highest qualities of clay, re- 
iness, require much sharper tests. 


he first requisite is purity, at least purity within limits, and though 
er points, density, plasticity, and non-shrinkage add greatly to 
lue of a pure clay, they can in no degree supply its place. 
fusibility in clays rests in the clay or kaolinite base and its main 
ty, quartz. Both are infusible, taken separately in the highest 
obtained in metallurgical practice. Both are fusible in the 
Irogen blow-pipe flame, but the kaolin is the more infusible of 
>. 


ong and intense heat applied to an intimate mixture of clay and 
3 apt to result in a silicate of another ratio of base to acid, and 
is likely to be fusible. But the great trouble with free silica in 
a a fine state of division, is the fact that any fluxing agent readily 
with it, and makes a fluid slag; and in a refractory body the 
of any one part is the beginning of the end. 


he impurities most dreaded in a refractory clay are iron and 
; it is hard to state which is most to be feared. Iron is not so 
ul a flux as potash, which is the worst of all the common elements, 
: iron is present in larger amounts than potash in most clays, and 
uently does as much harm if not more. 
he effect of the iron is detrimental to the appearance of clayware, 
mnsequently has a direct bearing on the price of goods, while 
shows no more on the surface than on the inside, and when pres- 
the usual smal! amounts it produces an incipient vitrification 




















654 GEOLOGY OF OHIO. 


..e8 the ware ring like a bell when struck, and 
in selling. 

The extent to which iron may be present without 
point on which authorities do not agree. The Stourbridg 
land, acknowledged to be the most refractory clay know 
cent. of iron on an average of 100 analysis, with extren 
3.63. Gros Almerode clay, has 2.12, Coblentz, 2.03, Ne 
and yet all these clays are famous. Test mixtures of 
kaolin have been run higher than this and have stooc 
general rule it is unsafe to rely for fine qualities on a cla 
per cent. of iron, particularly if the other impurities ar 
any amount. It is a well-known principle in chemistry tl 
bases are much more active fluxes than an equal amou 
base; so with iron, its effects show worse when in preseno 
ing agents. 

The state in which the iron is present makes some di 
the sesquioxide, it takes more heat than when in the prot 
combine in the clay, for iron will only combine with sil 
toxide state, and if that state is already developed, it is 
bine the sand and iron than if in the other oxide. 


Sulphide of iron has a bad effect on the clay since its 
gives rise to the lower oxide of iron, besides the effect whi 
may have. 


Silicate of iron is also detrimental, since it melts ata 
low temperature. Ona piece of ware, iron in the uncom 
parts a buff or red color; when combination begins and 
ware is of a bluish-gray cast, deepening as the fusion o 
ceeds, and running to glassy black if much iron is preser 


Lime and magnesia act as fluxes on clays, but in ( 
the comparatively small amounts present makes them bu 
of as detrimental. They are probably present as silicate 
are readily fusible, their action is evidently unfavorable. 
bases are present as carbonates they combine at a high 
than iron or potash. The Milwaukee bricks, as already 
of carbonates of lime and magnesia, and require a very 
when once the lime and silica combine they destroy the ( 
cent. of iron, enough to make the clay perfectly black. 
kind presents an even, fine-grained, vitrified appearance | 
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‘he fusion produced by the alkalies as explained, is not of a kind 
site attention, but when a piece of brick vitrifies to a “ body” on 
ng, it is a sure sign as to its probable action in an exposed position. 
The amount of potash which a clay can contain and keep its fire 
rties is variously put by different authorities. As with iron, pure 
1 will stand a good deal when no other base is present, but a multi- 
y of bases makes fusion easy. Titanic acid is regarded as neutral 
. qualities ; the form in which it is present being infusible. 
the statement of the tendencies and comparative power of the 
rous impurities of clay would lead us to believe we could use 
tions as to their result in a given clay with some confidence, but 
2st practice does not yet trust to analysis alone. 
‘he most complete test of a clay now known would be obtained by 
such analysis as has been described, coupled with a fire test made 
ally to develop such points as the analysis indicates to be weak 
Fire tests are of two kinds—one is subjecting the clay to absolute 
without the action of any accompaniments, and the other is in 
g the clay through the course of treatment for which it is designed 
used. The former develops the absolute quality of the clay as 
or bad, the latter proves or disproves the fitness of the clay for 
ork. The latter is better of course as a business test wherever it 
cticable to use it. The former can be made only in a specially 
ed furnace. The clay is cut into one-inch cubes with square edges, 
; set in a covered crucible resting on a lump of clay of its own kind, 
at it touches no foreign object. The heat is then applied and its 
will vary from fusing the mass to a button to leaving it with edges 
and not even glazed on the surface. Experience soon renders one 
ient in judging of clays by this test. 
‘he statements now made cover the leading facts in regard to the 
ysition and structure of clays. 
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SECTION II. 


THE CLay DeEpusits oF OHIO. 


The clay deposits of Ohio may be separated into tw 
divisions, viz., the clays of the drift, and the far older 
found interstratified at various horizons among the bedde 
State. In geographical distribution, these two divisions 
tinct, the former having its chief developments throughou 
and western portions of the State, and the latter throughou 
Ohio, but they overlap to some extent upon the boundary 

The drift region of Ohio, as shown in a subseque 
bounded on the south by a sinuous line entering the State 
east in Columbiana county, and striking the Ohio riv 
county. There are then in the south and east of the Sta 
counties in which no upland drift is found. 
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The geological character of the drift is well known. 
deposits of sand, gravel, boulders and clay in no regular 
item of interest, to us is the occurrence of the large body o 
though of poor quality, as a rule, still play an importa: 
economic geology in many ways. The clays occur in sh 
deposits, accompanied by alternating sands and gravels. 

They are distinguished as boulder clays and stratified 
structure varies; only those of the latter class and of 
structure, free from boulders and debris, are suitable for us 
deposits seldom reach a thickness of ten feet and often ha 
of only two or three feet, but in this thickness extend 
ground. Such as are fit for use are plastic, yellow or blue 
work very kindly with but little preparation. They ar 
containing from 3 to 6 per cent. of iron or even more, fro1 
cent. of lime and magnesia and notable amounts of the all 
are easily fusible, usually to a black glass; when burned | 
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1 to vitrify, they are red, of various tints. There seems to be a 
nce in the mode in which the iron is in combination in the clays 
drift and in the fire clays of the State, the coloring due to the 
eing not at allin proportion tothe amount. A fire clay containing 
cent. of iron will be pale yellow in color, while a brick with 4 or 5 
nt. will be a cherry-red. In the fire clay, however, the iron fre- 
y shows in black spots, which would increase the average of the 
1 iron without making any difference in its color, since it occurs 
nels and is not distributed. The clays of the drift are of very 
value to us, as they are the source from which our building mate- 
largely derived. ‘They are better for that purpose than a purer 
ould be, and their uniform plasticity makes their working easy. 
other rising industry they figure prominently: that of making 
tile. There is little or no distinction in the qualities of clay needed 
se two uses. Good brick clays abound in every county covered 
ft, though their qualities change in different parts of the State. The 
of the districts are not well defined, as the clays change too 
y and too frequently to make much generalizing possible. Cincin- 
as a brick which is different from any found in other parts of 
ate. It hasa dirty white color on its surface which is probably 
the water used in tempering, dissolving some soluble salts of the 
sand earths present, and leaving them on the outside of the brick. 
it is first heated in the kiln, as the fire deepens, the bodies flux the 
2 of the brick as described ; at any rate the outside of the brick 
t the even, regular, though light tint which the inside exhibits. 
nother trouble of drift clays is the occurrence of lime in small nug- 
hich the process of manufacture does not remove; these are burned 
austic in the kiln, and then become hydrated when exposed to 
They burst out, leaving holes in the brick, showing the white 
. the base of the cavity, and make a very unsightly appearance. 
ery seldom that a drift clay can be used for anything better than 


~ 


»r tile, but some earthen-ware, such as flower pots, etc., are pro- 


from it. 

scasionally, however, small patches of clay are found which are 
ble exceptions to this. An example is found at Springfield, 
county, where a bed of whitish clay, very similar to the Milwau- 
am-colored clay,is found. It is a bed twenty feet thick, showing 


LZ G. 
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in the cut of a railroad under twenty feet of superincum 
makes a beautiful cream-colored brick of fine, even, hom 
ture, and fit to be used in connection with the bricks fr 


ornamental city fronts are built. 
The search for, and mining ot, drift clays is of the n 


kind, as they lie on the surface and are cut in every wel 
nothing but digging in low pits, taking everything as 
gresses. The clays are oftenest used in close proximity to 


BEDDED CLAYs. 


The clays which constitute bedded formations pr 
different appearance from those of the drift, and have litt] 
in character. They may be divided into two groups, ( 
clays and the lower clays. This last division is made to ir 
or two exceptions to the first group which have been notice 
western Ohio, there is an occasional development of a clay 
Lower and Upper Silurian rocks. In one instance in \ 
this has been made use of for making drain-tile and the lik 
notable case is found at Columbus, where the decompos 
Huron shale deposit is utilized in making sewer-pipe. 

The geographical extent of the Coal Measures is boun 
somewhat similar to that which bounds the drift. Inc 
and cut by this boundary are thirty-three counties, but ı 
twenty-two hold any large measure of mineral wealth. Asi: 
every coal vein carries its bottom clay. This at least is 
the exceptions are rare. Ina few cases, coals have a sl 
floor, but this is so nearly clay in nature, that the exce 
apparent. In England frequently, and in Ohio in a few c 
fine-grained sandrock called gannister, containing 98 ye 
and 1 per cent. alumina, underlies a coal seam. Clays wit] 
are much more common than coals without clays, and the 
clay alone usually serves to mark the horizon of an absent. 
stone and ores are often also associated with constant depos 

Some one has said, that the aggregate effect of all the 
of the State would hardly be enough to make one steady, 
of moderate thickness over all the coal measure area. | 
posits would be perhaps equal to a rather heavy vein of © 
same territory ; heavy in proportion to the coal at least, foı 
less range in thickness and does not share largely in the fit 
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ht that the coals exhibit. But such standards of comparison render 
little service, because a fire clay is of little value unless of good 
ity. Itis not accessible by cheap means for the common uses and is 
0 well adapted to those uses as still poorer clays ; and the formations 
»st now yield, in only a small extent of their territory, any suffi- 
sly pure clays for the higher uses. 
There are undoubtedly valuable districts of clay in Ohio yet un- 
d and undeveloped. The geological questions as to the source and 
ation of the clay seams are not by any means well wrought out. 
A deposit of fine-grained clay always lines the depression in which 
bogs grow ; its fineness and color show that it must have been de- 
ed from nearly still water, perhaps in so fine a state of division 
the water which carried it would have been clear to the eye. This 
n is found in common with coal seams, that a fine-grained clay 
rlies them also. The similarity in the origin of peat and coal are 
estioned, so that the causes which produce our fire-clay veins are 
operating to-day. The coal deposits are miles across and hundreds 
iles in linear extent, yet the clay floor is much more constant in 
me than the coal. The quality changes constantly, however, and it 
no fixed character over any large area. With the questions of 
ation, the distinction between flint clays and plastic clays again 
s. It is hard to understand how clays can be found in the same 
‚side by side, mutually replaceable and running in varying propor- 
in each cubic yard, which are chemically and physically in sharp 
rast with each other. 
The valuable coal seams of Ohio are mainly in the lower meas- 
and the clay deposits worked are wholly confined to that group. 
following geological section of the Lower Coal Measures has 
prepared to indicate the names, order and geological horizon of our 
deposits, previous to a description of each important bed. It is, of 
se, ideal, covering so large a range of territory as it does, yet it will 
: as an accurate general guide. It is drawn to scale, but the inter- 
are not given; the latter are given in chapter I, with sufficient 
“acy for the various districts of the State. The elements which 
. as marks from which to identify the clays are mainly coals, but a 
imestones and ores are important. These formations and the clays 
amed in the column nearest the section. In the other column the 
are grouped concerning the clay deposits. _ | 
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CLAY DEPOSITS OF LOWER COAL MEA 
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The Coal Measures extend 1000 feet higher than the section in- 

tes, including the Barren and Upper Measures, but no notable coal 
irs and no clay bed worthy of mention. The clays of the Barren 
sures are mainly red and irony; they have been turned in small 
ntities to various uses, but have no prominence in any. The clays 
‚he Upper Coal Measures are regularly found under the coals, but 
put to no use as yet. They are mostly present in small amounts, and 
‚like the coals, rarely of any economic value, the Pittsburgh seam 
ig the only one that holds high rank in Ohio. | 


The lowest clay in the Coal Measures, the Maxvilleor Sub-carbonif- 
18 limestone clay, has its most prominent development in Ohio in 
about Sciotoville, Scioto county. This name for the clay is not a 
)gnized one, but its most characteristic associate rock is this lime- 
1e, which, in the famous’ Kentucky clay mines, lies in heavy cliffs 
over the massive clay. It is frequently called the Sciotoville clay, 
hat place is the center of its development and use. The clay underlies 
limestone directly or is separated by a thin streak of coal, which is 
posed to be on the horizon of coal No. I, or the Sharon coal, but so 
no section has been obtained in which the true and unmistakeable 
ron coal and Maxville clay both figure. The deposit is first found 
he tops of intersecting ridges near Portsmouth, occasionally overlain 
nodules of limeetone, but no coal ; at Sciotoville, eight miles eastward, 
hills are all high enough to hold it and its best development is here ; 
N ebster, thirteen miles further on, it is at drainage level, and shortly 
r dips under the surface. On the Kentucky shore and for forty miles 
he south-east, it has a very heavy development. The clay runs from 
. to 5 ft. thick, averaging 2 ft. 6 in. It is benched where practi- 
le, drifted where necessary, and it is all mined by powder. It is 
yish-drab in color, full of blue organic stains, but of remarkable purity 
excellence. It is very hard and flinty, but runs soft in places, so 
t plastic clay need not as a rule be imported. 


Another small development of this clay is found near Logan, Hock- 
county, where it supports the manufacture of a good fire brick. Its 
n development is to the north-east of Logan, but in various places to 
south-east it is also mined. It disappears under drainage three miles 
th of Haydenville. It is about three feet thick, and quite pronounced 
hharacter as a flint clay. The western townships af Vinton county 
» hold this clay in fair development, but at present so far from rail- 
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roads as to be inaccessible, though it cannot fail to be of v 
future time. 0 


The under clays of the unmistakable Sharon coal ; 
county, Massillon and Jackson, have nowhere been found 
far as known. The shales which overlie the Sharon coal i: 
form in one instance the material upon which an immense m 
interest depends. The well-known Akron sewer-pipe is ı 
from these shales, which are not often used for such w 
employment probably began in the use of the soft plastic 
out-crop, due to the decomposition of the shale. As th 
failed, the less weathered material was called into use, ı 
unaltered shale is the main reliance. It occurs in beds forty 
some cases. It is cut by frequent joints, and is very easily 
lies just above the place of the Sharon coal. At Tallma 
has been mined in close proximity to the shale pits. The 
composition much like a silicious brick clay, having a larg 
iron which gives the cherry-red fracture found in all the 
The potters’ clays of Springfield township, Summit 
among the best natural beds of stone-ware clay in the Stat 
referred a little doubtfully to the horizon of coal No. 2, or 
town seam, as the Lower Mercer limestone is formed al 
above them. The clay deposits are from 6 to 10 feet thick 
shales and a hard sandrock, and underlain by shales and oc 
an inch or two of coal. The clays are of several grades of 
the poorest or “chuck” clay, which is commonly rejected 
the top of the bed. The beds are found close to the surface 
part of the territory. They are mined by long pits or 
which the whole area worked is taken clean, and the re 
back. In one or two instances the clays are mined by dr 
gives a much cleaner product than the customary way. T! 
which these clays are found is small, all the workings being 
viz., North Springfield, Summit county, where there ar 
fifteen banks. They supply all the Mogadore, Tallmadg 
Falls and Akron stone-ware potteries, which make at least t 
stone-ware as any other district in Ohio. 
The clays underlying the other coals supposed to be th 
of the Quakertown coal, notably the large coal at Wellst 
county, have never been reported as valuable. 
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The Lower Mercer horizon furnishes but a small amount of clay at 
ent to the manufacturing establishments; at the Springfield clay 
‘s the limestone clay cannot be distinguished from the potters’ clay 
ye, but all potters carefully avoid it. Another development of the 
cer clay in south-west Hocking county, on the contrary, shows a 
fine potters’ clay, and it forms the basis of a large neighborhood 
ufacture of stone-ware. The locality is peculiarly inaccessible, and 
rocesses are correspondingly primitive. The locality referred to is 
Potters’ Ridge of Hocking and Vinton counties. At the brick 
cs of Wagner, Wentz & Co., three miles north of Dover, Tuscarawas 
ty, on the C. L. & W. R. R., the clay of the Lower Mercer coal is 
» largely used as a bond clay and for third class fire-brick. It lies 
r 6 feet of fine blue limestone and 18 inches of coal, in a bed from 12 
feet thick ; it is too hard to pick by hand, but is readily plastic 
r treatment. It is mined by drifting, and only about 8 feet are 
n. There are many places where clay of this character could be 
d at this horizon, but without the presence of hard clay near by it 
t particularly valuable. 


The Upper Mercer horizon is still less serviceable. At Hayden- 
, Hocking county, there is a fine deposit of silicious clay, which 
ngs probably to the Upper Mercer level. A blue limestone is found 
feet below, and a coal streak parts it into two strata. Above it 
2s the regular vein of Upper Mercer coal 24 inches thick. There 
large establishment in process of erection at this point for manufac- 
ig sewer-pipe, for which purpose the clay seems eminently fitted. 
‘is the only development near by, or in other parts of the State of 
horizon in which the clay figures. 

The Tionesta clay finds but little use in any district, the only well- 
wn instance being at Calumet, Jefferson county, where it furnishes 
rial for a large sewer-pipe and brick industry. It was at first ex- 
ed to make the Lower Kittanning clay the basis of manufacture. The 
| by which this clay was reached was continued down 100 feet 
.er without definite purpose, when a bed of clay 12 feet thick was 
sk. It is overlain by shales, and occasionally an inch or so of coal, 
it runs sometimes to the great thickness of 18 feet. The system of 
ng here is better defined than in any other part of the State. The 
es are driven in straight lines, the rooms turned off at regular 
vals and at right angles to the entries. Entries and rooms are 
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18 feet wide; no prups are used, and the pillars are left 4( 
solid clay. 

The next clay met in the ascending series is the Bre 
which is a serviceable one in several places. At Navarre, 
an extensive bank is worked. The clay underlies the B: 
(coal No. 4 of Newberry), which is in turn overlaid by the 
limestone beds. The clay is quite silicious, but makes 
brick. It is mined by drifts. To the south of Dover, | 
rawas Valley, this clay is always present, and often of goo 
is mined near New Philadelphia and below in several pla 
at the brick-works. At Roseville, Perry county, the « 
second largest stone-ware district of the State, the clay use 
from this horizon and that of the Kittanning clays. The 
quite sandy, and light in color; itis found separated by 
and shales 21 feet thick from the gray or Putnam Hill | 
is possible that it represents the horizon of the Tionesta c 
the Brookville. It is mined in several localities near by, | 
only 3 or 4 feet thick. 

The next coal horizon, that of the Clarion coal, is ] 
sented in this State; clay from this level is used at but a 
viz., Robbinsville, Columbiana county. The clays of th 
coal, which underlies the Ferriferous limestone, are utilized 
county. The clays are sometimes hard and flinty, but 
second grade. They are mainly applied to fire-brick 
Just above the Ferriferous limestone, in Lawrence county 
top of the limestone ore, occurs a massive deposit of so- 
wash clay, which marks the level of the ore on every | 
around. The clay is dug and thrown off to get the ore, and 
ing agencies soon give it the peculiar white appearance f 
derives its name. The deposit changes character to th 
and at Ironton appears frequently asa flint clay. Th 
lying the limestone, shade off into a shaly band, which se 
from those of the Kittanning formation. The distance fr 
stone to the coal is only eighteen or twenty feet, and the sj 
filled with various grades of clays belonging to both levels. 7 
clay is used for brick, pottery and pipe, to some extent. — 
presents an inexhaustible supply of clay, amply good eno 
second class work; mixed with hard clay, good enough 
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deposits heretofore described are all quite local developments of the 

8 of the various horizons. The growth of the next coal vein was 
mpanied with the deposition of the best marked clay beds of the 
le series. The whole horizon for twenty feet above and below the 
is filled with clays. The horizon is not only marked as the level 
vhich clay occurs in large amounts, but it is of more economic im- 
ance than any other in the value of its deposits. It produces very 
flint clay, yellow-ware clays, stone-ware clays, admirable pipe-clays 
good second class brick, and terra cotta-ware clays. 


The first district of Kittanning clays met on entering the State 
1 the east, is the yellow-ware beds of Liverpool and Wellsville. 
vein, here well up in the hills, through a low arch in the series, is 
tic and easily mined, and it is reached mainly through drifts. It 
erlies the Kittanning coal directly. The clay, after washing, is 
ularly free from specks and granules of iron, which are the great 
ble in yellow-ware clays. The next district is the Jefferson county 
works, which line the Ohio river for twenty miles, from Wellsville 
ly to Steubenville. The Kittanning clay is here called the clay 
3 it is regularly excellent in quality ; easily found and at convenient 
ls for mining, in all the upper works, but gets a little below the 
‘oad level in the Southern Works. It is rather sandy or silicious, 
e hard at first, but quickly slacking on exposure; is plastic and 
ily moulded after grinding, and makes a superior pipe, and a very 
brick for boiler settings, forges and all second class work. The 
extends up Yellow creek, beyond Irondale, where it is still of 
| quality, and is in constant use. There are no exposures of clays 
his level in Carroll or Stark counties or north of Columbiana, but 
he northern part of Tuscarawas county, at Mineral Point, the 
anning clay appears in a new and valuable phase. It is found as a 
hard and fine flint clay, suitable for making any refractory material. 
used for retorts, glass pots, brick of finest special grades, etc. It 
und about three feet below the Kittanning coal, separated from it 
worthless clay. There can scarcely be a more beautiful or faultless 
um of clay than the hard clay of this place. It lies in a band 34 
thick, showing faces smoother than the most regular coal; it is so 
| that chips from a pick blow will cut the hands of the miner; it is 
light-drab tint burning to a light-cream color; it shows the blue 
entric venation of organic matter noticed in the flint clay at Scioto- 
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ville. The mining of this clay is carried along with the 
coal, both being taken out of the same pit-mouth. The 

worked first and then the clay ; the latter being at a low 
the best of ventilation and drainage. There is enoug 
occurring with the flint to allow its perfect working. Th 
clay marks the Kittanning horizon from Magnolia, Car: 
below Dover, Tuscarawas county, where it disappears 
formation is absent in nearly all Coshocton county. In 
reappears at Zanesville and Roseville, carrying the clay f 
stone-ware of that district is made. The coal is usually: 
the clay, hence some question can be raised as to wheth 
under or over the coal. From its distance to the Midi 
coal, it seems probable that it is above the coal, This d 
from north of Zanesville to below MeLuney, in Perry « 
wards Deavertown, Morgan county. The next developm 
in Gore, Hocking county, where clay of a plastic grade fre 
is mined and shipped to Columbus for pipe-clay, ete. T! 
local use of this horizon. In Vinton county no clay is 

horizon; in Jackson county the Kittanning clay is again 
Oak Hill mines. The clay here lies on a three-foot strate 
soft clays just over the coal, The most remarkable mixiı 
soft clay to be found in the State is seen in this case; ne 
of clay run alike in proportion. The clays are not used 
place in the county. In Lawrence county, the Kittanr 
well developed. It gives both hard and soft clays above 
coal; it furnishes clay of much the same grade as the c 
Ferriferous limestone, and which is applied to the sam 
mined extensively at Newcastle and along the river f 
Cincinnati. The importance of this horizon can now be « 
it is seen to figure in workings in every county on the | 
crop in which clay is handled at all; and also from the ı 
presents and the varied uses to which it is applied. 

The Middle Kittanning clay is also worked in a few 
its developments have none of the characteristics that 
lower coal. The clay is used at Zanesville in small ext 
brick works; it is a hard clay of inferior quality. Also 
from Clay Bank Station, three ‚miles north of Moxal 
mined just under this coal ; it is soft and of fair quality. 
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The horizon of the Lower Freeport coal is productive of good clay 
vo districts; one is at Zanesville, where it is opened at Downerd’s 
k, the Tile Works Bank, and at several other places. The clay is 
cond grade, plastic and quite ferruginous. The other district is at 
ahala, where the Pyle clay is referred to this horizon; it is mined 
shipped by cars largely to Columbus. It isa clay of second rate 
art of its territory, and in. other portions plastic ; it is a high grade 
2 clay. It carries red oxide of iron enough to discolor it and to 
t its character for refractoriness, doubtless, but portions of it are 
llent. 
The Upper Freeport horizon, in one or two places, is found 
ield valuable clays; the best is found near Taylorsville, Mus- 
um county, where it is called the Ballou clay; it is here a hard clay 
me value. It is carried to Zanesville for the Fire-Brick Works. 
sland Siding, Jefferson county, the same clay is mined; here it is 
d the “Bolivar clay” ; it is' mostly second class, but some hard clay 
und in the seam. The arrangement of the elements of this horizon 
culiar; there is a gap of twenty feet between the coal and lime- 
: beneath it, in which the clay is developed. 
The higher veins of coal are not used at all and are met only in 
ed places. No clay from above the Upper Freeport is used in this 
unless it be in one mine in Jefferson county, where a small amount 
ay is taken from beneath a coal, probably the Brush Creek vein. 
The position, extent and character of our main deposits have now 
taken up and roughly followed through the State. Much more 
t have justly been said in regard to these horizons if the limits of 
»allowed. It should still be borne in mind that the majority of the 
een beds of clays found in the State are found over large areas of 
tory, and that the small extent of the districts now turned to account 
ie not to lack of material, but to lack of demand for the products. 
same causes which restrict the extension of workings in deposits of 
vn value, of course still further discourage the exploration of new 
ory. But when the demand arises, there is no doubt that the supply 
be at hand. | | 
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SECTION ITI. 


THE CLAY WORKING INDUSTRIES OF OHIO 


The manufacturing industries included under this h 
tained considerable importance within the last few years, a 
by the appended statements. 

"The first development, of course, began in the manufa 
ruder articles which require comparatively little skill, anc 
daily necessity; the work has now extended until it inc 
number of the branches of the plastic art, and in many of 
creditable degree of proficiency has been attained. 

The nature of our clay deposits would exclude several 
manufacture from our territory, if we were to be strictly | 
own resources, but several of these are nevertheless car 
large way on imported material. 

The clay working industries may be divided into 
marked groups, the consideration of each of which, in tu 
the subject-matter of this section. 

The two uses of clay that rise above the rest in im 
general application are the manufacture of pottery and 
material. As both of these uses make the purity and the r 
of a clay essential, of course they do not permit so large a 
as those processes that are satisfied by clay of grosser qua 
those for making building material and pipe. The orn 
working of course uses less labor and more skill than any : 


POTTERY. 


The manufacture of pottery began in Ohio in very ea) 
from the rudely-fashioned clay pots of the first settlers h 
industry as it now stands. The different grades of potte: 
ware, earthen-ware, china-ware, porcelain and ornamenta 
which are made in Ohio, except porcelain, which is made 
amount, if at all, in the United States. 
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tone-ware is the product of an unmixed natural clay, burned at 
:nough heat to oblige the impurities to combine with the free 
and thus cause an incipient vitrification or fretting, without loss 
pe. It should be impermeable to water without any glazing on it, 
frequently fails in this point ; its color is bluish-gray, and is due 
abined iron. 
sarthen-ware is a product of very similar clays burned too lightly 
rify the body or combine the iron; it is of a yellow or red-color, 
he free iron, and is porous unless glazed. 
hina, that is, the ironstone china made in this country, isa mixture 
eral clays with powdered silica and enough potash feldspar to 
the body vitreous on burning. Porcelain is made in the same way 
very different proportions of material, while ironstone china is 
and opaque porcelain is often thin as an egg-shell and nearly clear 
h to be called translucent. China is of a dead or bluish-white 
while porcelain is of a creamy-white tint. All our china is made 
imported clay, and in the same way porcelain could be made, but 
not seemed profitable to introduce the manufacture up to this date. 
‘here is only one establishment in Ohio where ornamental. y 
is made, but the ornamentation of our best white-ware is very 
ce and well done. 


STONE-WARE. 


tone-ware is first in simplieity and in order of establishment as 
and will therefore be first treated. 

‘here are three stone-ware districts in Ohio ; the largest at Akron, 
ost widely-spread at Roseville, Perry county, and the least im- 
t near Rock House, Hocking county. There are also a few 
red works in various parts of the State. The Rock House district 
he Mercer clay, as will be remembered, and supplies a large 
ıt of ware to the neighborhood for twenty-five miles around, ac- 
le to wagons only ; no ware is shipped by rail. 

‘he Roseville district is composed of a large number of small 
ies ; there are not less than eighty-five or ninety in the district, 
ost of them employ only a man and boy or two men, the largest 
ying seven men. The process of manufacture is essentially the 
n all the districts, the main differences being those which naturally 
from@the,very different scales of working. The successive steps 
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are Ist, wetting the clay; 2d, grinding; 3d, wedging 
5th, drying; 6th, slipping; 7th, burning; 8th, sorting t 

In very many places the clay is put into a bin bef 
allowed to stand over night after drenching with water. 
tion is well taken, particularly in smaller works where hx 
is used in grinding; in the largest steam works it is 
The grinders for stone-ware clays are of several kinds ; 
a pug-mill, which is used in only one place visited. Th 
has no specific name, but is the one in use in all the cot 
It is a square frame pivoted on an upright beam, which 
the point of crossing of the diagonals, on the projecting 
are fastened cart-wheels, which work in a circular tı 
The whole frame revolves by the motion of a large co 
which receives its power from the horse or engine; the ı 
but by weighting the corners of the frame, the wheels ir 
tions manage to cut the clay to pieces quite effectually. 8 
which can easily be made by any village mechanio, ce: 
twelve to fifteen hundred pounds at a charge, and will oc« 
hours in doing it. This amount of clay will make fr 
gallons of ware. The clay, after grinding, is balled int 
and “wet-blanketed” to keep until used. The grinding 
Akron district in steam mills called tracers, which ı 
described under the head of the sewer-pipe manufacture. 
efficient for stone-ware clays, grinding about 1,200 pound 
from 60 to 100 minutes. The clay being ground is put th: 
called wedging ; it is cut off in-balls of 50 pounds or mor 
wire into two parts; these are struck together in such 
two pieces unite different faces ; the ball is worked up sm 
is alternately divided and united by cutting halves and 
together. 

This treatment is supposed to eliminate blebs or spac 
and any large pieces of foreign matter. When wedged, 
into wads or balls which have a definite weight for each 
and is then ready to be turned. The process of turnir 
known to require description. 

The simplest work is making crocks and fruit jars, & 
come jugs, milk-pans, churns, etc. The range in size is | 
to twenty-four gallons, though vessels holding forty gallc 
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‘in a trial of skill on the part of the turner. As fast as the ware is 
it is dried. In the country, this is done by setting a flat board 
ed with ware in the sun. In the smaller potteries of Akron and 
here, various devices are adopted. The ware is piled into a net- 
‚of shelves under which pass steam-pipes. The largest and best 
-ware works dry it in closets, exactly like those used in the white- 
or china works, which will be noticed later. 

The dry-ware is next “slipped”. This technical expression of the 
r designates the covering of the ware with any wash or solution. 
lied to stone-ware, it means the washing of the ware in water con- 
ng a very fine-grained clay in suspension, so that its surface is 
red by a film of clay. These slip clays on heating vitrify readily 
black glass, and run freely on the ware, making a very handsome 
. The chemistry of the process is obvious. A partial analysis of 
lbany, N. Y., “slip,” that is most largely used in the State, shows 
ollowing composition : 


Seaquioxide of iron (Fe, Og )........sssscoresecesceee seoeee ssc aesleviacnencte 1.43 
Potsah: (K „ Dissen ie „ 8.17 
Mod 8 CN G5 0) anna 14 


5.34 


re is present besides a large amount of carbonates of lime and 
nesia, which are undetermined. A clay full of the very finest silica 
‘these impurities would, of course, fuse so readily that it would flow 
a glaze at the vitrifying heat of stone-ware. Slip clay is found in 
ous places in Ohio, but a great deal comes from outside points. Some 
1ese clays fuse to a clear or nearly clear glass, in which case their — 
jility is due to alkalies and earths alone. Some slips melt much 
:r than others, and potters have complained that their slip runs 
ly only at temperatures so high that the ware begins to lose shape. 
judicious use of powdered feldspar, salt-water, or carbonates of 
‚or potash could easily correct this infusibility. The clear slips are 
mixed with clays not readily fusible, but which are black in burn- 

The product has both color and fusibility. The composition of 
e clays may be farther illustrated by the following analysis of a 
a0lite” slip-clay, for which thanks are due to Messrs. Whitmore, 
inson & Co., of Akron, who use it in their works: 
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INCA (BIO esse ea 
Alumina (Al, O,).reeressensonsansnsnonsosnnnegesennononnnn tosses snnnnnnussannnnn 
Sesquioxide of iron (Fe, O4).......ceccsscessecees NEN 
Time (CaO) een 
Macnonia. (ME DO)... eier 
Alkahes (BR. Na au ne 
Sulphuric acid (HB, SO N. ee 
Phosphöric acid (PO Venus ee 
Carbonic acid and water ............. sscccscssssssevecsseveccvessecsecsenscsess 


.Probably not less than 45 per cent. of the silica present is 
grained sand. The main trouble to be overcome in the use < 
is a tendency to blister or “blubber.” The cause of thi 
finitely known. Every potter has his theory. The opinion 
the most intelligent has been that undue haste in burning 
frequent cause, and that the ware should be heated toa low 
several hours before any higher heat is attempted, after - 
raising of the heat can do no harm. This treatment has ce: 
successful under the conditions in which it was tested. Wh 
is slipped, its capacity is usually stamped on it with a soluti 
or cobalt glass, which gives its customary blue color on hes 

The ware is next “set” in the kiln. The kilns in u 
siderably. The country kilns are usually small square struc 
on the outside by logs of wood ; the fire holes are left above 
and communicate through the various arches of masonry 
port the floor of the chamber above ; this floor is full of ho 
which the fire freely passes, and the arched roof has usually 

' of exit for gases. The chamber is oftenest about 8 ft. 
and 7 ft. high to the arch top. Such a chamber will hold, b; 
ware, about 1,600 gallons. The firing is commenced at ı 
made very light indeed at first; in the morning the wes 
approximately dry, and the heat then continues from 20 to 
the conditions vary. Nearly all stone-ware is salt-glazed on 
and slipped inside. The salt is thrown in the fire wher 
highest, and the vapors are seized by the clay and a soda si 
over the surface of the ware. The heat required to do 
culminating point of the burning. The fuel is nearly always 

is used in some places on a second fire-floor lower down tl 
used for wood. This method of use will begin to grow: 
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ly fails. The heat applied to stone-ware burning is rather severe, 
here is always danger of not getting a uniform glaze in different 
3 ofthe kiln. The kilns in use at Akron for burning stone-ware 
examples of the different scales on which the manufacture is con- 
ed. They all hold 6,000 gallons, and many hold as much as 8,000. 
y are oblong kilns about 32x16 ft. and 12 ft. high; the fireplaces 
at each end, and there are six of them; they are usually down draft 
ı only one center flue ; they are set and dtawn from lateral doors, and 
ire 70 hours to burn, A sample is usually withdrawn to test the 
iency of the glazing. Coal is in large use, though wood is still 
ined in small part. The cooling ofa kiln should occupy as much 
as the burning. The ware when drawn is piled in storehouses for 
ment. In viewing a large amount of ware at once, of course the 
erfections can be noticed more readily than one piece at atime. One 
he most common troubles besides the “ blubbering” of the slip, is 
‘‘ pitting” of the ware in spots, due to iron. It is a peculiarity of 
e-ware clay that while it needs iron to give it color, by far the 
est part of the iron present is collected in grains and has no favorable 
t on the color. These grains, if the heat is high enough to vitrify 
a, make pimples on the surface, or break out in rough spots which 
black and ill-looking, from the silicate of iron formed. If the heat 
o low to vitrify the grain, some change in its volume on heating 
es a scale to separate from the surface of the ware, showing 

| colored cavity the piece of iron oxide at the bottom. 

The failure of the ware to glaze is another source of trouble. This 
be considered as due to ill-regulated burning usually,:but one other 
e is thought to act at times. Many clays exhibit collections of 
crystals of a whitish color, which prove on testing to be sulphate 
me or land plaster. This substance when exposed to vapors of salt at 
heat, suffers a common chemical transformationfand?changes* to 
ride of lime, leaving the soda as a sulphate, which it appears either 
not displace silica from combination, or will not do:it at the tem+ 
ture the ware will stand without losing shape, and hence there is 
laze. The heat, besides that necessary for the ware, must be high 
gh to make both slip and salt operate in glazing. The failure of 
lip to melt leaves the ware of a rusty red color from theZuncome 
1 oxide of iron. 


43 4G. 
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Stone-ware should exhibit, on fracture, a blue unifo1 
semivitrified appearance. Different clays act very diffe: 
respect. 

Ware which does not vitrify can be picked out at a g 
places. The Roseville clay, as a rule, vitrifies well. It 
may be illustrated by the following examples : 


1 2. 
Silica (Si O 2) (combined) ss 25.60 28 
Alumina (Al, Og).. eenneoussnsnnsnersnunsnnnanssnsnnnsnsnnnnn 19.08 23 
Water, combined (H; Oli ie. 5.57 8 
Sand (quartz) (Si Oj) ciiesacassaceieacesnssatssencanscesssesees 43.75 34 
Titanic en ns O, Wiss OD ande > : 
Sesquioxide of iron (Fe, Og) .....cccccccceceserecseveccoes 2 
Lime (Ca DRS ae FERIEN 60 
Magnesia (Mg O) ...........sesccscssccserseececccs coves rennen 
Pötssh (Ko OD): nn 2.14 1 
‘ Soda and lithia (Na, Dand Li, DO)... .02 tre 
Molstüfe. ns .94 
99.86 100 


1. Brummage’s Pottery clay (Lower Kittanning), R 
2. Allen’s Pottery clay (Lower Kittanning), Rosevi 
3. Uniontown Pottery clay, Uniontown. 


The potash is well up in each, and the iron moderate 
the per cent. of fine quartz sand is very large. This is in 
stone-ware clay. The clays of this district make a very g 
differ from those of the Akron district, in that their final 
due to the proper chemical changes having occurred it 
while the other clay seems to burn naturally to a close 
without undergoing much real fretting or vitrificatior 
Akron-ware showing a good color and to all appearance 
a yellow tint in the fracture. This ware is glazed of ne 
will not hold water when unglazed. Nevertheless the qu 
wares is excellent, and it is not at all certain that a supe 
vitrification would improve it. Its composition is partia 
these examples from Myers, Atchinson & Co.’s clay ba 
Springfield : 


~~ 





et et Te | 
Bir - \ >= Chay 
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1 2. 3 
Bs Casta) ccceainanasteanaveciecessnevesenergnauceuaeanevcnaceien 72.1 68.34 69.05 
11117 BEE eceueccneeceienavactece ceuaceieseeisr ide 19.38 22.61 21.87 
BY. COMPING ss varsisswivn sesniinbssaneaeeedevinscdesiecccss 5.13 5.56 6.00 
BONES eaguateendeceauiveiaeteniessastee. 1. 1.99 1.70 
Tl ee ar 28 ‚1 21 
GRABS WON SEE KEANE TE OR ERENTO 1.12 1.00 1.00 
5 10) 21 MSIE ETHERNET Pe 99.34 99.51 99.38 


It is much to be regretted that time did not allow these analyses to 
finished in the usual form, as from them it is probable that the 
ıliarities of the clay might have been explained. 

The capacity of the Roseville district is not very large, yet most 
the potteries can produce 1,300 gallons weekly, some less, and 
ral more. Taking this as the average, 125,000 gallons weekly 
ld represent the capacity of the district worked to full extent. By 
stics, in 1882, this district is credited with the manufacture of 
6,700 gallons, only about % of its calculated capacity. The Akron 
rict manufactured in the same time 3,337,500 gallons, which repre- 
s its capacity much more nearly, for the yearly output is that of a 
ed industry, while many of the small establishments of the former 
- work in those seasons when the farm labor is not in special demand. 
The product of the rest of the State amounts to 86,000 gallons, 
is distributed over four counties. The total value of product was 
3,995, or 4.46c. per gallon. The markets represented by this product 
nd over the whole country. More perhaps goes to thé south and 
than elsewhere, but a great deal goes to home consumption. Cin- 
ati, Cleveland and Columbus are large markete. It has been 
ned as far west as Denver, Col. | 


EARTHEN-WARE. 


The establishments devoted to this branch of pottery are small in 
ber compared to the stone-ware works, but they are much larger in 
e of product. 

Earthen-ware is made to include besides the red, porous, unglazed 
: of which a flower-pot is an example, the yellow and Rocking- 
-wares of the market. The subject may be best treated in two 
3. The manufacture of the commoner grades of earthen-ware is 
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not of great importance in the State. The clays used ar 
to the stone-ware clays, but are less liable to semivit 
fretting, and hold their iron in combination in that peculi 
gives the brick-red color to a clay instead of the distribut 
part, and the occurrence of the rest in small grains as : 
ware clay. There are also some drift clays used for thi 
processes by which earthen-wares of this class are m 
simple. Materials like stone-ware,, in shape and use, 

mainly on a potter’s wheel ; flower-pots, etc., are made by : 
The making of door-knobs forms an interesting phase of 
manufacture. The only two works in Ohio are in East Li 
clays used are the native clays of that county, mainly frc 
Kittanning horizon. There are two kinds used—a light } 
as the yellow-ware clay of this district, several grades 
mixed to get a good body, and a clay obtained to the 
Liverpool, in the Barren Measures, probably, which is natt 
which burns to a cherry-red color. These clays, to be 

pared, are put through a process called boiling. The clay 
a vertical cylinder, about 6 feet in diameter, in the center 
volves a rod carrying stirring and cutting arms, arraı 
This machine, filled with the requisite amounts of water a 
in motion by horse-power ; the clay is beaten to a thin m 
This is then run out in a fine stream, into a slightly inclinec 
the bottom of which is covered by a fine bolting cloth 
coarse grit, etc., is passed over the cloth and out at th 
ceptacle provided ; the slip passes through into a large tan 
it is dipped, as fast as needed, into a large iron-lined par 
long by five feet wide, and one foot deep. A fireplace and 
underneath the pan, and evaporate the water from the slip. 

day (about 5 tons) is concentrated. When removed from 
clay is as soft and plastic as it is possible to be; it is piled u 
with wet blankets to keep it tempered. Each color of cla: 


. made separately. -The clay, when ready to use, is next 


block of both colors about 12”x12”x6” is cut and sliced 
into six or eight layers each; these are piled alternate 
block one foot cube. This is lifted and thrown down witl 
consolidate the layers; it is then cut and welded again by 
so on until the colors are marbled in fine alternating streak 
is then molded into the requisite shapes, by first wadding ¥ 


CLAY MANUFACTURES. 677 


hen stamping in a die. The knobs are laid on trays in a steam- 
d chamber to dry, and when hardened somewhat are put on an axis 
urned to a smooth rena face. They are then dried thoroughly 
yurned. 

The burning is done in saggers which are like those used for yellow- 
‚to be described later, as also the kilns employed. They are piled 
Ik for the first or biscuit burning. When burned they are dipped 
ylaze. Its action is mainly due to lead, but it is slightly colored 
on. The ware is then piled in a sagger, separated by stilts, and is 
ned. The finished products are then taken out of the kiln, are 
1 and shipped in bulk, either by the thousand, barrel or even by 
on. There are two or three kinds of ware; some are wholly black 
re called jets ; the glaze used for these depends on manganese as a 
ing agent. No white knobs are made. 

These items were taken from the works of R. Thomas & Son, at 
pool, where the industry may be seen at the best advantage. 
ly all of the product goes to several firms in the East engaged in 
ng locks. The capacity is 15,000 knobs daily, requiring more than 
ons of clay. The Knob Works of H. Brunt & Co. are developed 
ich the same scale and use both similar material and procesess. 

nodes of treatment used in other earthen-ware works do not need 
>r description. - 

There are only two counties in the State where the productions 
much value; they are Hamilton and Columbiana. In the former 
ork is mainly kitchen earthen-ware, in the latter, kitchen-ware and 
loor-knobs. The manufacture of yellow and Rockingham wares, 

led by definition in the class of earthen-ware, has attained cen- 
ble dimensions, and is the highest form of pottery for which Ohio 
yes full credit, for the finer grades of ware, which are made from 
ted clays, are to be credited to the State only as proofs of manu- 
ing skill. In character, the clays necessary to make good yellow- 
are not separated from those used for stone-ware by any well 
d line, though in general they are not quite similar in composition. 
> instance the same clay is used for both yellow-ware, Rockingham 
one-ware in the same works, and by difference of process alone 
roduct is made into a very good quality of either kind. This is 
at the large works of Messrs. Whitmore, Robinson & Co., of 
2. But asa rule the clay should be less sandy, less liable to fret, 
1e iron present should be in its well distributed shape. 
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The two districts for yellow and Rockingham wares 
biana and Hamilton counties. The former uses clays : 
mediate neighborhood and has ten or more establishments 
are from the Lower Kittanning horizon and are mined b 
East Liverpool there are nine large yellow-ware works, as 


Afyer & GaBlon.. une cdeawebadetararisenacsterteecncsues 
B:&. W. Bagsoll.areerrae ee 
Catt Wright Bros... eek 
Oroxall & Oartwrigbl.. iin nee 2 
Flentike & Harrison. a... an “ 
Frederick, Shenkle, Allen & Co..............c00-sscecesccececns sonsenees “ 
MeDeavitt & Moore... na 
MeNicol Burton & CH. da = 
°C. C. Thompson & Co. (also make white-ware)...... zu... ccs: 
And at Wellsville are found the works of John Pıtterson & Co., { 


The Cincinnati distriet has ten potteries, including 
ware, white, yellow, Rockingham and earthen. The cl: 
are all imported and come in part fom Lawrence coun 
Kittanning clays and the Ferriferous limestone clays of 
The other points where yellow-ware is made are few in nt 
tage county is the largest center of production after the y 
The process is much the same in all the districts. It diffe: 
ware processes in the superior skill and care used in all tl 
is indistinguishable from the processes for white-ware 
china except in the kinds of material and glazes used. 

The clays as they are brought from the mines are allo 
in the air. No definite time is used in this process, as th 
as fast as needed, but a large enough pile is usually kept ah 
at least partial weathering. The clay is put through the | 
washing, which is a common means of purifying all clay 
step is mixing the clay into a thin slip, or as the potters 
solving” it, though it is only in a state of mechanical su 
not in true solution. This is accomplished in what is ter: 
ger.” It is a cylindrical vat varying from 4 to 6 ft. in dis 
center of which works a rod bearing arms suitably arrange 
clay up till it is all in a state of suspension. The slip is rı 
machine from a faucet, while still revolving, so that the cl: 

in suspension, into a bolting apparatus. This is a box slig 
with a fine bolting-cloth bottom. The slip runs through 
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d, grains of iron and other detrimental impurity. The slip runs into 
rge tank called the “ agitator” in which it is kept slowly stirring by 
‘ting arms, so that the slip is always of the same consistency, and no 
, settles to the bottom. The bolting apparatus is worked by steam 
rer and is usually vibrated by a cam and a spring. So far all wash- 
processes agree, but beyond, there is a choice of methods. The 
vest way is by hoiling, as already described in the door-knob works. 
2 more rapid is by pressing. The effect on the character of the 
ys is different in the two cases; boiling simply evaporates as steam 
the water introduced, leaving any soluble alkaline or earthy 
ter behind, so tiat the effect of washing and boiling is simply 
:hanical, removing lumps and making the clay homogeneous and plas- 
But by the other process the water is squeezed out of the clay by 
ssure, and as it goes, of course, the soluble matters go with it, and it 
ild probably exercise some beneficial effect on a clay impregnated with 
alkalies or alkaline earths. The action of the water might be made 
re marked in eliminating impurities by adding a small amount of some 
vent suited to the case. If the alkalies are found in grains of felds- 
or mica, or are present as soluble silicates, washing would eliminate 
m. Hence we can see the reasun why yellow-ware and stone-ware 
h made from the same clay would not vitrify at equal heat. The presses 
d are all of the same style. They are frames of wood about 7 ft. 
g, 2 ft. high by 5 in. wide, standing on edge, about twenty to twenty- 
r of them in line; they are fitted to join together by lateral screw 
ssure into one long box. To each compartment is fitted a stout piece 
luck or sail-cloth, which by proper folding acts as a closed bag, and 
m an orifice in the top of it it receives a stream of the fluid slip; the 
y is retained in the bottom of the bag and the water runs out. The slip 
upplied at a high pressure by a stout force pump; these bags become 
lof clay in time, and the water runs out through holes in the bottom of 
box, coming out towards the end of the process nearly as clean as be- 
e use. The box, when full, is composed of parallel sections of clay of 
size of the interior of the frame and separated from it and each other 
the sail-cloth. When full, the water ceases to flow out at the bottom. 
e apparatus is taken apart, and the clay from each section rolled up 
a wad, and carried away to a sweat-room to await use. The cloths 
1 be used indefinitely. The capacity of the press varies with the 
mber of chambers it has, and is about 100 pounds to a section, 
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making about a ton to an ordinary press. To fill a pr 
about 45 minutes. The clay upon coming from the pres 
and plastic state, and is kept in a tight room or under blank 
The ware is burned in “saggers,” or small clay receptacles 
conveniently shaped to hold the ware, and thus protect 
direct action of the fire; these saggers are in use in all pott 
those making stone-ware. They are made of the native clay: 
ware, but for white-ware they use a clay imported from } 
The qualifications of a clay to make good saggers, are p 
refractoriness and an absence of a tendency to crack. If 
its success is assured; that is the reason why Ohio cl 
wholly used, because our Coal Measure clays, when plastic 
as a rule, and hard clays, though refractory, are not plastic. 
made from Ohio clays are in constant use at the yellow-ı 
however, aud auswer all purposes well. The old saggers 
fine, serve as non-shrinking material, and just as little greer 
each time as will make the bond thorough and complete. 
life of a sagger is about 15 burnings. The stock of sagge: 
to be kept on hand is quite large, and it keeps several n 
most works preparing them. The ware is put into them. 
ported on little triangular pins stuck in the side of the sag; 
it touches nothing but the knife edges it rests on. The ma 
these pins und other devices of the same kind affords bus 
firms in East Liverpool. The sagger is piled full of ware, 
so that the pieces do not touch the wall or each other; the 
sagger is then luted with soft clay, and each successive sagg 
roof of the one below, the clay making an air-tight joint 
cha.rber is piled full of saggers, and luted shut, and the fir 
is started slowly and raised steadily for 48 hours and coo 
When opened the saggers are removed, unpacked, and set 
inspected before they are used again. The clay itself, the 
needs to be valuable, have been noticed already. The excelle 
at Liverpool, shows on analysis : 


Silica (Si O,) (combined) una aan ae 
AV tn (AL Og) ui canes ccceaneesencebedennseiestacaumsecssneonces 
Water (H;0) (combined)... 
Quarts (Bi O,) (free) nn... 
"Titanic acid LO: ins en 
Iron Oxide (Re, O ana a 


Mutua: Aid and Neighhorhaod Club 
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Lime (Ca O) ......2essesosnsonnenoenne INNEREN IERRRENEE HANSER .59 
DAOC (MEN ee reinen .68 
Potssh (KO) ances essen 2.42 
Soda and Lithia (Na, O+Li, O)....ecssesseseonennnonnn ansonzenonnnnnernnnssen trace 
Molstüre (H,O)... ine ‚86 

99.40 


This analysis does not apply to the washed and strained clay. The 
le analyzed was taken from the works of Frederick, Shenkle, 
| & Co., Liverpool. 


The theory of the glazing of pottery is very simple, but in its 


cation lies the ex..ellence of one ware over another. There are 
in substances that have the property of fusing under heat in the 


nce of free silica to a clear transparent silicate, of which glass is 


pe. To make a potters’ product useful it must have its tendency 
orb liquids removed, which is done by wetting the biscuit-ware 
a substance which will fuse to a clear glass with the silica of the 
and give a smooth imperishable finish to the works. | 
Chere is a large range of bodies chosen to do this work, notably 
[kalies, the earths, borax, lead, etc. The glazes applied to yellow- 
are usually made as follows: Proportions of litharge (Pb O), flint 
2), spar (Potash or feldspar), Paris white (Ca Co,), are mixed up 
rinding vat, with a thin slip of pure clay. This last is necessary 
2p the heavier bodies from settling out; all the elements being 
incorporated, the mixture is transferred to the glazing trough 
sed ; heat of course on such a mixture, silica and lead, potash and 
with a little clay, would immediately produce a very fluid clear 
Sometimes the carbonate of lead is used instead of the oxide, 
te effect is the same. These are the main elements of a yellow- 
glaze ; the special proportions used are kept secret by each potter, 
ven the constituents by many, though these may easily be de- 
ned by looking over the lists of bodies which would exercise the 
d action. Each man believes his glaze better than his neighbor’s, 
e has been obliged to adopt its different proportions to suit the 
nt qualities of the clay. Some glazes will crack over the surface 
» ware and greatly disfigure it, and a change of proportion or 
ng is necessary to correct this tendency. Rockingham-ware is 
me as yellow, except in color; the addition of a large amount of 
‚nese oxide is made to the ordinary glaze, and the ware first given 
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its ordinary glaze, and is then sprinkled or “spacdl 
manganese glaze; this, on burning, colors the otherwi: 
to a beautiful brown, running to black. “Self-Rock” or | 
made by the use of a manganese glaze over the whole su 
of sprinkling it. This outline was taken mainly at the ı 
wright Bros., at Liverpool, where the industry can be s 
advantage, but visits to other works of ne same sort hs 
ditional range to the description. 


The manufacture of earthen-wares in Ohio in 1882, 
available statistics, amount in value produced to $419,028. 
in the main over 4 counties, but in a few isolated works | 


WHITE-WARE OR IRON-STONE CHINA. 


This business is centered in two places in the State, I 
and Cincinnati, but Liverpool has very much the greatest 
The manufacture of white-ware began in 1873, and was 
of the yellow-ware manufacture which had for years been c: 
in great quantity. The materials used are all imported i 
kaolin beds of Chester county, Pennsylvania, Maryland, 
ware, Indiana, Missouri, Virginia, South Carolina, are a 
each establishment using from two to five kinds of 
ball clays used in the cheaper white-ware, or “C. C.,” co1 
Jersey and Missouri. The saggers used in the white-war 
are made from Woodbridge clay, New Jersey. The flint 
the beautiful, clean white sand, which comes from the cla 
Delaware. It is pulverized in a revolving barrel half-ful. 
pebbles. The spar comes from the quarries in Maine; 
broken up and ground in pans, the bottom of which are line 
buhrstone, and on which revolve heavy pieces of buh 
chains to revolving arms. By this device, which bears 
resemblance to the crude gold mills in use in Mexico, a 
of division is attained. 


The main distinction between the yellow and white- 
ture is in the preparation of the clay “body”. This “bod 
of clays, flint and spar, to be used in the molds, is the grea 
establishment. Usually not more than one or two me 
know it, and frequent transactions are made by which 
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ly is sold for several thousand dollars. The clays chosen are selected 
h reference to plasticity, shrinkage, liability to crack, color, etc.; in 
1ixture, at least one light clay is employed, and the aim is to keep 
mixture of clays as light in tint as may be and still secure the other 
ities necessary. The flint is used in the finest state of division, and 
yerfectly white, as is the spar also. The body mixture of kaolins 
ne would, if heated, be liable to crack without lei cause, and 
uld be infusible at the heats applied. 


By adding silica, which sometimes forms nearly one-half the mix- 
e, the body is very much whitened, and the clay is much more like 
one-ware clay in composition, and is prepared to ‘“fret”’ or vitrify on 
ting, but because of the purity of the reagents there is nothing 
sent to cause vitrification with the free silica. Should this body be 
ned, all tendency to shrink or crack would be gone, but the bond 
ıld be very slight which would hold the mass together ; a blow on a 
1 edge would give a dead, wooden sound, which well illustrates the 
x of close union in the particles. By adding spar (which is powdered 
hoclase, containing 14 per cent. potash) the mixture is complete; 
color is corrected by the flint, as well as the tendency to shrink and 
ck, and with the presence of the spar the burning immediately causes 
\orough vitrification of the whole mass to a homogeneous solid with 
lightly glassy fracture. A blow on a piece of this mixture would 
e a clear, ringing sound, which also illustrates its state of combina- 
1. Asthere is necessarily some small amount of iron in the clays used, 
yellow color is usually counteracted by the use of a very little cobalt. 
: blue and yellow colors really unite to produce a green, but this 
yr has not nearly so strongly marked a character as either of its 
stituents, and escapes observation. 


The glazes used in white-ware are much more complicated than for 
ow-ware, and require perhaps the most skillful work of all to get 
right ; there is more value placed on the composition of a good glaze 
n any secret about a pottery, even including the composition of the 
y. The constituents and way of mixing an ordinary glaze are as 
ows: Proportions of borax or boracic acid, or both, with flint, spar, 
r, and Paris-white are mixed while dry and put into a sagger, which 
been previously coated with a wash of flint. This precaution is 
en because the liquifying of the glaze would allow some of the iron 
n the sagger clay to color it if it were not protected by the pure 
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silica. On heating, the mixture becomes a clear glass, wh 
“fret.” This fret is ground up and mixed with fresh p 


 Paris-white, carbonate of lead, flint and spar, and is put in 


pan or vat lined with French buhrstone. In this it is gr 
thin slip of pure, white clay, as something of this sort is 
incorporate the heavy parts of the mixture and keep them 
out. This way seems a cumbrous programme to go thr 
liquid which shall vitrify the outside of a clay vessel, bi 
more direct agents, as the alkalies, is prohibited by the me 
it, which brings in the services of men whose hands and a: 
glaze all day, which would be impossible if the glaze v 
The most common difficulty met in glazing is the ten 
polished surface of the ware to crack or “craze.” This is dt 
adjustment between the coefficients of contraction of the bo 
and in the proper adjustment of this point lies the harde 
the potter. | 

Other troubles are also known ; if a sagger leaks or ad 
hot, it causes the ruin of everything in it, for the sulphurou 
kiln immediately attack the hot lead silicate of the gla: 
sulphide film to form on it, which is black and unsightly. 
of Rockingham ware shows immediately if air reached it v 


The grading of white-ware is made as follows: 1: 
china; 2nd, Majolica; 3rd, C. C. an abbreviation for < 
or for common clay, as variously explained, but in 
is a cheaper grade of white-ware made from inferior cla: 
tinction between china and majolica is much the same as 
yellow and Rockingham, a distinction of finish and glaz 
body is the same. There is no reason why a C. C. ware : 
treated with a majolica glaze also, but so far it is not done 


The glazes used in majolica are applied, after the firs 
glaze, in a soft, pasty state, and in dabs, which would p 
rough appearance when finished ; but on heating they melt 
the ware, making an effective play of color. The colors u: 
glaze, and differ from all other styles in being neither beneat 

The decoration of pottery is a very large and com 
The theory of the art is not at all difficult to understand, bi 
experience is necessary to attain much real skill in its app 

The coloring agents employed in glass, pottery, ena: 
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retallic oxides, these being the only bodies whose coloring effects 
d last, at the temperature used. The color which each oxide pro- 
| are well known, but the proportions, manner of mixing and 
sratures which limit its satisfactory effect are kept as trade 
ts. The forms in which these oxides are used are called. enamel 
s, and are mixtures of the requisite oxide with suitable oases 
luxes, so that on heating the latter unite to form a glass which 
yes its color from the accompanying oxide. Almost any color may 
roduced by just such mixing, as the other branches of painting 
»y, but the greatest difficulty of the art is met in the adaptation of 
ising point of the glaze of the ware to that of the color. The 
s in commonest use are cobalt, blue; nickel, yellow or brown; 
black ; manganese, brown or violet ; chromium, green ; copper, red ; 
ink ; tin and gold, purple; silver, or uranium, antimony and car- 
different yellows; zinc, opaque white ; and gold, purple. There are 
al well-marked styles of pottery decoration now used, such as paint- 
triping and hand-painting. | 

The decoration of ware in Ohio embraces all these different plans, 
n all cases the work is placed upon the already glazed ware. The 
opment of this industry in Liverpool is enormous ; a rough estimate 
jeen made, that of the white-ware manufactured in the United 
3, Liverpool produces one-third, Trenton a half, and the scattered 
3 one-sixth. The following firms are engaged in its manufacture 
st Liverpool : 


Wm. Flentke, white-ware.........-.cscccssssssccccsscsssssce sesessencscecs 3 kilns. 
Goodwin Bros., ©. ©. ware .......csssccssssssssseecesscncescsscesaseens acces 6 
Potters’ Co-operative Co., white .........scscsscssssseeeseseeeseeees 4 a 
Wm. Brunt & Co. Ps iS biesivelgdudisulsuadan de Ueetausioupese ects 4 “ 
Geo. Harker & Co. nee 4 * 
Knowles, Taylor & Knowles “ — ...c..ssccssesesccccecccesccascescncens „48 * 
Homer Laughlin, m: een b 
C. C. Thompson & Co., C. C., white, yellow and Rock............ 10 * 
Vodrev & Bro., white-ware .........cccsccssscsccscscees soncectcscececcees 3 OS 
Wallace & Chetwyn, white-ware ........cccconssssseses ses nanene nennen 3 
Burford Bros., ©. ©. Ware......csccos csssscoccessevsveceeecs TERN 2 * 
Weet, Hardwick & Co. white-ware.o.........scccecssccsscsssecccssrsens 8 
John Wylie & Sons, ren 8 
an firme. 3 


3esides these works, there are two stilt and pin factories depending 
se for their custom, and a flint and spar mill, as well as two deco- 
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rating establishments for those firms who do not do their 
At Wellsville, four miles from Liverpool, there are two 
ware potteries. The mammoth establishment of Know 
Knowles, manufactures at least twice as much white-wa 
establishments in the United States. They employ ove 
their works, and there are nearly 700 men in their pay in 
They use from 14 to 15 tons of clay daily, and turn out a 
every ten minutes. Notwithstanding the enormous outp 
is as good as the English white-ware imported, which can 
every American pottery. 

The reason for this frequent inferiority is, that 
employed in our potteries; no chemists are consulted ; < 
nical skill of the workmen has been exercised in produ 
and it is greatly to our credit that the wares we produce 
they do; when English ware represents both science and 
well, and ours means practical manipulation only. The v 
produced in 1882 was $1,250,400.00, nearly $800,000.00 « 
from Liverpool. 

The last subdivision of pottery which occurs is that 
manufactured for ornamental purposes alone. This bran 
does not need any extended treatment, inasmuch as there 
establishment in Ohio devoted to it. It will be treate 
quent page. 


REFRACTORY MATERIAL. 


The art of making refractory material is already c 
beginning fof the section together with pottery, as the hig! 
important branch of clay working. It well deserves this ; 
reason of the skill and science which may be applied to it: 
and by the important place that such materials take in 
great industries. 

The manufacture aruse in Ohio gradually as an accon 
the iron industry, on which it depends for support. The fi 
material used in the State was sandstone, but as soon as sto! 
to be used in blast furnaces the need of fire-brick was fel 
facture has progressed, following to some extent the motio 
guide, until now it exceeds largely the dewands of home ı 
Refractory materials may be classified as fire-stones and fir 
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ar are usually silicious rocks, but sometimes talcose slates or soap- 
s are used, which stand heat well in presence of basic slags. All 
ones are used in the native state, and no other preparation than the 
sary shaping. Fire-clay is the main refractory material, and is | 
only in the manufactured state. Its products are, Ist, brick ; 2nd, 
ts ; 3rd, glass-pots; 4th, linings and tile; all of these are made in 
in large quantity and of unsurpassed quality. 


Frre-BrRIck. 


The fire-brick of Ohio are not as widely known or as highly 
med as the Mt. Savage brick, for example, but they can do as good 
-and endure as severe tests as any made in America. 


The processes by which fire-bricks are made are all quite similar, 
zh there are several ways of accomplishing the same result, which 
vorthy of notice. As the grinding of the clay, to get the necessary 
rmity and fineness, is the most important step in any clay process, 
in accomplishing this point that the differences in process are found. 
necessary steps in making fire-brick are as follows: Ist, mixing 
3; 2nd, washing; 3rd, grinding and tempering ; 4th, molding; 5th, 
ng and pressing; 6, burning; 7, sorting the product. 
The first step, that of mixing the proportions of the clays used, is 
part in which the skill of one operator over another is manifested. 
discussion of the proper mixtures to produce certain effects will be 
n up to greater profit after the process has been described, but the 
hanical part of the work may here be spoken of. The proportions 
int, calcined and plastic clays which shall compose the brick, having 
ı determined, it is the duty of certain men to prepare these charges 
yrinding. The piles of clay from which the selection of clays is 
e, usually adjoins the works as closely as possible, on the side next 
1e grinding machinery. In many places the amount kept on hand 
rge, amounting to 7,000 or 8,000 tons. There is no object in thus 
ing clay, unless it be either to insure a supply for some time in ad- - 
ce and guard against transient interruptions, or to allow the clay to 
k and break up fine, thus omitting part of the mechanical prepara- 
s otherwise needed. There is a belief largely current, that allowing 
lay to weather acts advantageously in ridding it of impurities. 
ugh it cannot be denied that underjcertain conditions this would be 
yet it is equally certain that these influences are much overrated. 
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The impurities which would thus escape are potash and so 
compounds as feldspar and mica ; yet the decomposition of t 
having been effected by weathering, the mechanical con 
would aid in the escape of the impurities are seldom foun 
slant to the floor of the clay pile, so that water would drain 
and well after raining, and only a thin layer of clay on th 
impurities from the top layers might not lodge in the I 
favor the escape of impurities, but the exact opposite of 
conditions as a rule prevails. Iron sulphide and carbo 
and magnesia would also tend te decompose and leave 

their action would be very gradual. But the mechanical 
the clay which takes place is undoubtedly advantageous; : 
and heat has long been reckoned as a valuable agent in i 
plasticity of hard clays. From the pile the materials are 
mixture of so much of each factor is made by counting t 
with which the charging barrow is loaded. In no case in 
the constituents weighed; no closer proportion is kept a1 
careful shoveling will make. The barrow being loaded, tl 
be washed ; in only one place in Ohio is this precaution 

is at the works of the Portsmouth Fire-brick Co. The ı 
is accomplished by running the barrow over a sink or drai 
ing from a hose above. The barrow being perforated o: 


speedily drains dry again. This treatment, though not th 


to free the clay from dust, mud and dirt which stick t 
diggings. The best method of washing seen was at the ex 


_ of Harbison and Walker, Pittsburgh. Their machine 


cylinder, revolving in a slightly inclined position in a tro 
The wall of the cylinder is made of coarse iron gauze or 
on the inside is bolted a spiral flange beginning on the u 
running to the other extreme. A charge of clay is intro 
hopper at the upper end, and by the flange is slowly carri 
length of the cylinder, being agitated in water, whic 
inches deep in the lower part of the cylinder. This ma 
used to wash hard, uncalcined clays, for the plastic grad 
stand so severe a treatment, and calcined clays do not need 
is only useful or advisable where the hard clays in use 


benching or stripping and comes to the works covered with 


The next step is grinding the charge ; as before stated 
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most important step in the process, and consequently the one in which 
the most variations are found. The different meihods adopted are: Ist, 
the wet pan process ; 2nd, the dry pan and pug mill; and 3rd, the dry 
pan and wet pan mixer. The use of these diferent kinds of temgering 
mills ia not really resiricted to any one kird of clay, though the use of 
each kind is widest in certain districts of comparatively uniform grades 
of clays. 

The wet pan process partially explains itself by its name. The 
clay is introduced into a large circular iron pan, which revolves con- 
tinuously on an upright axis. In the pan, and fixed on a horizontal axis, 
are two very large cast-iron wheels; as the pan revolves, tne wheels are 
also turned by the friction between their circumference and the pan 
floor. The axis on which they rest is commonly made of two cast iron 
sections which are made to fork at the bolting ends and inclose the 
vertical axis of the pan. The hole thus made in the horizontal axis is 
at least 2 inches larger in diameter than the upright axis, so that the 
shaking of the machine does not cause friction. The ends of the hori- 
zontal axis are fixed in slots in the timbers at the sides of the mill, so 
that when a charge is newly put in, the wheels have the chance to run 
over large lumps of hard matter, rather than being compelled to crush 
them at the first trial or break. 

These wheels are from 24 inches to 42 inches in diameter, from 8 
inches to 14 inches in width, and weigh from 3,500 pounds upwards ; 
the average of the wheels from twelve of the best works in the State is 
4,400 pounds, and the highest weights used are 5,600 pounds. The pan 
itself is cast in one piece; it is 7 feet in diameter, and about 1 foot deep ; 
itis provided with a false floor which can be renewed at any time, so 
that the real pan floor lasts indefinitely. Motion is given to the pan by 
a strong system of gearing ; appropriate guides are used to keep the clay 
under the wheels and keep it well stirred up. Asa charge is dumped 
into the machine, the lumps cause the wheels to jump up and down 
with some vigor, but a few revolutions serve to reduce the clay to a 
finer state, and only a short time elapses until the material forms a 
homogeneous paste. The grinding lasts from 7 to 15 minutes, as the 
wheels vary in size and the clays work easily or not. In this period 
the plastic clays are in a state of complete disorganization and are 


spread as a bond between the coarser particles of flintand caloine. The 
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clay is tempered to the right consisteney by additions of 
pan is usually fitted with a pipe from the engine from whi 
be had by turning a faucet. Either hot or cold water may 
probaly makes no difference which, in the quality of the b 
former makes the work of the molder much more endurabl 


This machine is found in widest use, where a hard, fli 
considerable calcine is used. In charges containing 
amounts of both these bodies and only a little plastic cla 
and intimate mixing is the only way in which the structure 
can be made sound. This wet pan process is used entirely i 
ville district, Ironton and Logan, and from this part of the 
ot the finest brick comes. 


The dry pan and pug mill mixer is the style of g 
adapted to general use of all three ways, but is a chea 
method in some cases. The pan is very similar to the ordir 
but has this difference: the floor is fitted with plates cas 
fitting on a framework of radii beneath the pan. The pl 
fitted into a level and continous floor; they are full of pa: 
holes, which open immediately into a larger room from the 
that any particle of matter which passes the surface will ha 
to stick lower down. Beneath the pan is a bin into which 
fast as it is reduced fine enough to pass the bottom of the 
this bin revolve arms, which collect continually the powde: 
it at the foot of an elevating belt which is at one corner of t 
charge is all introduced together and is run until it has all 
beneath the surface, or else its proportions of calcine would r 
distributed. All dry pans are subjected to this disadvan 
softest parts go through first and the harder last, so that t 
clay, as delivered by the elevating belt would not be st 
geneous; also the largest part of the clay goes through at < 
longest part of the grind is devoted to getting the least < 
through, which is a waste of energy. Another disadvant 
from this pan is the fact that the hard material is never r 
than is necessary to pass the holes in the floor, which 
machine work at all rapidly are necessarily larger than is 
brick. The powdered clay having been delivered into a 
ready to be mixed as needed. The mixing machine is a tr¢ 
inches wide by 8 feet long by 18 inches deep; in it works 
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axis on which are fixed cutting arms which are arranged spirally, but at 
such a pitch that their action is slow in moving the clay forward. The 
tempering is done by merely adding clay and water, and allowing the 
machine to mix it up to a paste. It is mixed and quite thoroughly 
incorporated by the time it has worked the length of the trough, and it 
is then squeezed out upon the molding table. 

This process is one simply of mixing ; no element of grinding enters 
into it. It is not popular among clay workers, and is only applicable 
to certain kinds of clays ; those best suited are plastic clays, or mixtures 
of plastic clays, or at any rate mixtures involving but little flint and 
calcine. There is no particular district covered by this kind of a mixer, 
but in every district it is in some small use. 

The third method is the theoretically correct one of all in use, but 

itis the most expensive of all as well. The dry mill used is exactly 
like that before described, and is adjusted to deliver the ground clay as 
before into an elevator. This carries it up to the top of the building and 
delivers it upon a screen. This screen is a box about 14 feet long, by 4 
wide, by 7 feet deep; the bottom of this box is made of sheets of per- 
forated sheet-iron, the holes about ,',-in. in diameter ; the slant is about 
45°, so that whatever enters the screen is sure to leave it either by 
passing through or by running off at the end. That which escapes from 
the end is carried down by spouts to the dry mill and is re-ground, so that 
a charge being introduced runs on until it is all through the sieve. That 
which p.sses the sieve is caught by a cloth or board hopper bencath, 
and is conducted to the tempering mill or to the bins for storing. The 
clay which has been screened is beautifully fine and even. The tem- 
pering mill is on the same principle as the wet mill first described, but is 
of a larger diameter ; the wheels are arranged to turn instead of the pan 
frequently ; they are of larger diameter and less thickness than the wet 
pan wheels, and weigh usually 1,800 pounds each. The pan is provided 
with water and a charge is thrown in wet and ground briskly until as 
plastic as can be; by this course of treatment, the qualities of the clay 
are developed to the best possible effect. This process is ia favor in all 
the river works of Jefferson county, and at Mineral Point, and Hayden-’ 
ville, besides. Along the river, the clays used are as hard and rocky 
as sandstone when they are newly mined ; they are sandy and apparently 
non-plastic, but by this treatment develop into one of the best working 
clays in the State. 
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The details of these processes are all interchangeable, a 
combivaiions of these different machines are seen. The olde 
used for this purpose was the Cornish roller, which may siill 
a dismantled condition around some works. 1'empering is al 
by the sense of feeling, and the workmen become very skillf 

the degree of molstening necessary. 

The grieding once accomplised, the sins which the pl 
pered clay is put through are much the same everywhere. 
is the next operation to be performed. This is dove either 
machine; the latter is only used in three or four places in th 
making fire-brick, and indeed its use for making common | 
much wider. The process of hantl-molding is very simple 
not need deseripuon. 

The machine molders emploved in Ohio are two, the M 
and the Baker press. They are essentially the same thing, « 
ing in some technical points. The plan of their action ia 
In a vertical box, three feet square, works a pug mill just suc 
in the horizontal trough of the dry pan process ; the clay is 
top; as it reaches the bottom of the chamber, the last arm 
mill is so shaped and so pitched as to expel a large wad of c 
revolution, This mass is forced forward and downward 
partially fills and wholly covers a mold with five chambers. 
eccentric from above works a vertical plunger up and d 
forces the clay into the mold and packs it tight. Its motion 
that the pug no sooner pushes the clay over the mold than i 
home by the plunger. Another piston, working from in rear 
the mold full of brick to the froat and supplies a fresa mold 
mold is stroked off with a flat board, and is carried away | 
The machines are designed to temper the clay and mold it a 
this treatment is not found practicable ia making fire-brick, : 
rial needs & longer preparation. This preparation consists 
the works where machiues are used, of a dry mill with screer 
mill mixer which delivers directly into the press top, ma 
efficient mixing process. The capacily of these machines is 
ing from 20,000 to 25,000 brick a day, as variously estimate 
ease is their capacity put to the test iu fire-brick making, a 
and other plart needed to justify such an output is nowhere 

The men employed on one machine are six—1 man to tem) 
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1 to stroke, one to sand and place the molds, two to carry off, and one odd 
man. Making 12,000 brick a dav, or half the capacity of the machine, 
these six men do the work of three molders, six off-bearers and one or 
two odd hands. The products are well-shaped brick, with square edges 
and corners, but are always rough on one side where they were stroked. 
A machine-made brick can usually be distinguished by this peculiarity. 
The work done on the whole is goodgfor brick to be used in second 
class work, such as boiler setiings, flue linings etc., as all machine- 
made brick are, because,they all {use plastic clays. The cost of the 
machine and its running power are both small. 


The molding done, the pressing and drying are nextin order. The 
drying of hand-made brick may be done in two ways—by hot air or by 
a hot floor; the latter is much the more important and common ih its - 
use. One of the principal features of a fire-brick works is the dry- 
ing floor. 

Some of the best examples in use are built as follows: Across the end 
of the floor, which is nearly always rectangular, is dug a pit some six feet 
below the general level. In the wall of this pit are set fireplaces at 
intervals of from 5 to 6 ft. These firenlaces proceed inward about a 
yard, and vhen break vp invo from three to five parallel flues. These 
flues are about LO inches square, and are separated by 4 inches of brick. 
The fives traverse the whole distance of the floor and unite in a chimney 
or chimneys at the ovher end, which must be high enough to make every 
individual flue draw. These flues are covered by square tile 12 inches 
on a side; ibey are placed 4 thick at the fire end of the flue, and run 
down to 1 at the opposite end. This is done to equalize the heat of the 
floor. The depih of rhe flues is so arranged that their unequal covering 
brings the tile to a level plane; on this is spread a cement adapted to 
this use; it is made of basic furnace cinder and sandy clay in equal 
parts, ground fine, and wet. Ifthe cinder is not basic enough, lime is 
added ; the mixture sets very hard and will last four or five years if 
well treated. Sometimes the flues are covered with one thickness of 
tile all over, and are then leveled up with sand and another layer of tile. 
This is undoubtedly cheaper, and is also as even a distributer of heat as 
a plain tile floor would be, but is rather more apt to cause trouble in 
repairing by blocking up the flues witn sand. The custom is to keep 
the fluors hot consian: ly ; the mass of the body heated makes this easy 

to be done. The fuel used is coal slack in almost all cases, as its com- 
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bustion is gradual, and after the floor is once hot, gradua 
kind wanted. Bricks placed on such a floor dry in 24 hou 
tempered, plastic clay, to a state so hard that the hand c 
impression on them. When the bricks are about half d 
pressed and again dried. The size of the drying floors | 
various, and is an index of the capacity of the works. Att 
the Scioto Fire Brick Co., at Sciotoville, the fine new floor 
in is just 100 feet square and heated by 24 fireplaces and ab 
Several establishments have floors 160x80 and 120x60. La 
floor constitutes one of the greatest obstacles to an increase 
of a factory. Air-drying is usually done in the second st« 
ordinary drying floor. If the roof be tight the heat in the s 
is quite uniform, and is strong enough to do quite rapid - 
temperature is often 100° or 120° naturally, and by using 
floor the capacity is largely increased. The kinds of ware 
an air-drying are large pieces which the heat of a floor can 
on one side at a time, which is always done at a risk of crac 


The drying of machine-made brick is usually an air-dry 
but at the ordinary teperatures of the outside air as found 
sheds, though sometimes a plant is arranged inside the buil 
drying of the brick is interrupted about half way through by t 
All hand-made brick, except the coarsest grades, are pressed. 


_ made brick never are. The pressing of the brick is done b 


workmen either four or five in number. The work of a pi 
the same as the molding-gang, and is about 4,000 brick a 
presses most widely used are those made by F.C. & D. R. 
Philadelphia ; the other press in use is that of 8. P. Miller & 
Philadelphia. They are both the same in principle, thou; 
in detail. The pressing of the brick is done in a steel, 
chamber with a sliding top, and a bottom which has the freed 
up or down. By a strong application of lever power, th 
moved up, and the brick smoothed up into a compact, well-s! 
The brand is usually put on the bottom plate of the press, 
impressed on the bottom of the brick as well. 


The pressure obtainable on such a press is not known t 
use them, if it is to those who make them, but it is ample { 
poses, There is little gain in subjecting a brick to powerful | 
possibly increases its infusibility a trifle, but the effect is not 
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asarule. The molds used on the presses are changed with ease, and a 
set ig usually kept, including all kinds of arch and key-brick, together 
with special shapes. Any special design can be speedily made to order 
also. These machines are also made in larger sizes to press such wares 
as furnace blocks, but they are not incommon use. The sixth step in 
the fire-brick process is the most interesting of all; it is the burning of 
the ware, now dried and pressed. This part of the work calls for more 
technical skill than any other portion. The considerations to be noticed 
in this connection are, first, the kiln; second, the manner of drawing 
and setting; and lastly, the points observed in the chemistry of the 
process. 

The different kinds of kilns used in fire-brick manufacture can only 
be touched upon here. They may be classified as: 


[ Up drauch Without roof Fired at side seseccevececcescesseneessevconcs 1 
| Up draught— 4 with roof— ired at BIGE...........+.ccccecescerccecevees 
r Fired at end...........0008 aeacsoesccosens 3 
Kıns. — Down drauch  necang seceensee Bu ganeeeneeenmeeneereenen : 
wn ught— ired at SIGE.........cccccccscccencccecscees 
| Rectangular Fired at Ond.......ccccccccscccsseccscecsccess 6 


All of these are found in Ohio, with several other forms differing 
from these types by small] features, but the three kilns in wide use are 
Nos. 1, 4, and 6. 

The first and simplest kiln employed in fire-brick manufacture is the 
rectangular, up-draft kiln without any roof. Its use is still very large 
and it suffices to burn much of the best brick in the State. It consists 
of four walls of common fire-brick, from 18 to 24 inches thick, lined 
with the best grades, and built on firm stone foundations. The side 
walls are perforated by the openings of the fireplaces from outside, and 
the ends are provided with doors through which the kiln is set 
and drawn. The fireplaces are built either separate or in one con- 
tinuous block. They are small covered chambers, running direct back 
into the kiln; the grates are set in a standing position so that the whole ’ 
aperture can be filled with fire during the culmination of a hard burning. 
The dimensions of this style of kiln vary from 10 to 14 feet wide, 11 to 
12 feet high, 25 to 40 feet long, and from 50,000 to 75,000 bricks capa- 

city. The burning varies with the hardness desired, character of brick 
and fuel, etc., from five to eight days; perhaps six days is the most usual 
time. The brick cool from two to four days, according to the need in 
which they are held. These kilns are used in the whole Sciotoville 
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district, at Ironton, Logan, Akron, Cleveland and Zanesvill 
kiln in wide use is the circular down-draft. It is largely u 
and still more largely for pipe, etc. It varies from 16 

diameter, wiih from 18 inches to 24-inch walls of the best fi 
with strong iron binding. Itis from 10 to 14 feet high tot 
arched roof. The fireplaces are arranged around the base 
each one separate, usually, but sometimes in a continuous b 
pass into the kiln and are deflected upward by a so-call 
which is a partition concentric to the outer wall of the ki 
_ inches from it, and extending upwards to the spring of the 
wall is of the best quality of brick, as it has to stand the 
attainable in the kiln. The fires being turned up between th 
first reach the brick from above over the top of the inne 
draft now sucks the fire down through the bricks piled in 
through the floor, which is built of perforated brick, into the { 
which run into the base of a Jarge stack. The whole draft c 
be stopped or retarded at will by blocking up the flue to 
and tbese kilns owe their value over the up-draft kiln main] 
with which they can be regulated. Burning takes a little 
haps, than with an up-draft kiln, but the down-draft is mor 
of fuel. These kilns do not attain such high heat, and con 
brick are usually softer burned, but are rather more unifo 
works of C. E. Holden, Mineral Point, there are three | 
down-draft kilas whose tops are counected each to the othe 
iron tube about 1 foot in diameter. When one kiln is hot 
and another is just set with fresh brick, the flue to the sta 
hot kiln may be stopped, and the current of hct air dire 
the second kiln and out of the stack, thus performing rapid 
and completely all that sweat-burn of a kiln usually de 
means a fire is not let into the kiln until all is ready to rs 
- at once to a high point. Any of the kilns can thus be | 
being cut out or brougit into the current by a movement « 


The.use of a real fire-wall is not as common in circula 
kilns as in rectangular; the same effect is obtained by inclo 
to each fireplace in a chimney which runs up the wall 
height, and delivers into the ware just as a fire-wall we 
chimneys are called pockets. 


The rectangular, down-draft, end-fired kiln is in cor 
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the Akron district and in a few of the river works. There are 
usually 3 fires to each end; a fire-wall is used instead of pockets, and 
the down-draft finds exit through a central row of perforations to the 
flue ‘beneath. The draft has a little tendency to strike straight from 
the fire-wall to the flue in the floor, but by judicious piling the draft can 
be entirely controlled. 

The refractory property of clay can be studied to no better 
advantage in any way than in the compounding and burning of fire-brick. 
As the work is done at present, no great knowledge of the theory of 
the subject is required, but there is room for great improvement in its 
scientific treatment. 

The problem of making a refractory brick from native clays is 
based upon the fact, “the purer the clay the more infusible.” Our 
purest clays are our flint clays, which are probably refractory by reason 
of their structures, as well as their composition. ° These then make an 
admirable basis for the brick. As they are non-plastic, their successful 
"use compels the addition of a small amount of plastic clav, and on the 
choice of this clay all depends. A fine-grained, sandy clay hard in its 
native state, and plastic when ground up in water, makes the best bond ; 
it is needless to add it shquid be pure. The more alumivous a clay is 
the more it will shrink on burning, and if the clay which has been used to 
incorporate the non-plastic part should shrink materially on burning, it 
would loosen the bond between the pieces of hard clay and make the 
‘ whole fabric unsound. Therefore the clay fit for a bond is one in which 
the natural shrinkage is at a mininum; this condition is found in a fine- 
grained sandy clay. It is ignorance of this point, which seems so 
simple, that has caused the failure of so mauv patent mixtures for 
refractory materials. It has seemed to each man in succession, who has 
approached the subject, that as pure kaolin is infusible, and pure sand 
is infusible, and as these bodies represent respectively our ideal of plas- 
ticity and non-shrinking qualities, a proper mixture of the two should 
‘produce the most desirable results. But, when such a mixture is heated, 
the enormous shrinkage of the kaolin loosens the bond of the whole 
body and makes it weak and fragile. For the clear statement of this 
point, thanks are due to Hon. J. Park Alexander, of Akron, who has 
experimented widely on the compounding of refractory mixtures. 

If, then, a pure, sandy and plastic clay can be found, the bond is one 
likely to be satisfactory ; but the main trouble is in a lack of purity, for 
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if a clay fills the other conditions required, it is liable to be 
a stone-ware clay. 


There are three grades of fire-brick which can be reco; 
first or No. 1 brick is the best and .most refractory, and is 
the severest use, such as the hearth and boshes of the bl: 
the exposed parts of puddling furnaces and steel-mill 
application enforces the use of a very large proportion of « 
flint clays with the least possible plastic clay which will bi 
gether. In several places the mixture is composed of ab 
half of each of these with no plastic, and the mixture is 
severely in a heavy wet mill for a long time. 


It is claimed by the makers of this class of brick tl 
clay, being reduced to a fine enough state of division, u 
friction, will become plastic, and it is certain that the clay: 
use do so, but is still an open question if all flint clays will 
usual charge for a No. 1 brick consists of about 45 per c 
flint and calcine and 10 per cent. plastic. 

The cohesion among the particles of such a mixture is 
and very light friction suffices to shell the brick up into its 
parts; it is of course unfitted for use in any position when 
be brought to bear, but at the intense heat at which they a 
softening of the clay makes them as cohesive as need be, 
state the friction of matter as highly heated as the brick | 
effect. 


The next well-marked grade of brick has neither name 
among its makers. It is composed of about equal amounts 
and calcine, and about three times as much plastic as the ] 


Its proper uses are the same general kind as those fo 
brick, but the product is a little inferior to it. The next g 
2 brick, is made of about 50 per cent. of plastic, 20 per « 
and 30 per cent. flint clay; it has a homogeneous appea 
fracture, is close-grained and emits a sharp ring when 
another brick. Such a brick will sometimes stand a very f 
no symptons of fusing, but, as a rule, it is not fitted for any 
position. It is excellent material from which to make kilns 
the hottest parts. What might be denominated a No. 3 b 
of a mixture of several plastic clays, or else a body made c 
grade. They are generally vitrified slightly in the burni 
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kiln, and precaution must be taken to keep them from sticking together. 
They are excellent for making flues, pavements, boiler settings, chim- 
neys, etc., and as they can be well made by a machine they ought to be 
furnished at low rates. The burning of these various grades of brick 
demands considerable technical skill. The products exhibit many 
phenomena which are very interesting; iron, in particular, is noticed in 
the black blotches which its union with silica has caused. 

Often a nail, bolt or some stray piece of iron gets into a kiln of 
brick. Its effects can be seen in a large, conical hole in the brick lined 
with the black cinder of iron and extending downward as far as the 
iron lasted. The blackening of the faces of the arch brick and those 
most exposed to the direct heat of the fires has often been mentioned 
by brick men as being the result of impure fuel and sulphur in the 
coal. Thie explanation is incorrect; sulphur, i. e., sulphide of iron, 
when burnt in a grate would decompose to SO, or sulphurous anhydride, 
and in that state would pass into the kiln. The only effect the gas 
could possibly have on hot silicate of alumnia or any body likely to be 
present in clay would be to recombine in the same state from which it 
has just been expelled by a less heat than is met in the inside of the 
kiln. The true explanation is this: the heat on the brick that are 
blackened is more intense than on any other part of the kiln, and they 
are rendered softer and nearer to fusion; while in this pliable state, the 
draft from the fires just outside carries in a very appreciable amount of 
dust and ashes which lodge on these portions and flux outside to the 
black crust seen. The burning of terra cotta in the Ohio Valley gives 
some interesting points in proof of this view. 

Among other grades of brick made are several patent mixtures and 
various secret compositions called “silica” bricks, ete. Noticeable 
amongst them is the patent brick, made by Mr. J. Park Alexander, of 
Akron, which is used in the roofs of reverberatory furnaces and in steel 
works. The brick is made of a peculiar form of silica cemented by 
caustic lime. The bricks are very delicate, and are easily crushed by 
the hand, but once in place they are considered a very superior article. 
The great preponderance of silica in their composition, makes them 
expand under heat instead of contracting, as a pure clay does, so that 
when built in an arch so flat that there is trouble in keeping it up, the 
heat of burning causes the arch to bow upward from the expansion 
instead of sinking in as it would if the brick contracted. 
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One of the troubles of a elav brick, which a silica 
its so called “dropping” when placed in the roof.” Th 
of two things—Ist, that a crack has formed across t 
leaves a piece free enough to fall when any change 
loosens it—ihis is the peculiar property of a pure clay 
formation of a crust of fused clay and ashes on th 
cracks off and falls when the brick cools. 

Besides the Alexander silica brick, there are sever 
use: the N. C, (Niles composition), made by the Thomas 
Niles, is one of the prominent ones, In this a conglon 
furnishes the silica which is used with a clay bond. N: 
highly silicious character, approximating in value 
“Dinas” brick, are made in the country. ~~ 

Nearly every kind of brick in the market comes 
district in excess of any other; the No, I bricks are 1 
the Portsmouth district, with isolated establishments at 
bus, Mineral Point and Cleveland. No. 2 and No. 3 g 
the Ohio Valley Works. 

Besides the manufacture of bricks alone, these sam 
also turn out many other kinds of ware, notably furna 
house eyes and special pieces made to order. These at 
brick, alter once deciding the composition to use, excep 
hand labor is employed to make a nicely-shaped produce 


RETORTS. 


The manufacture of clay retorts for making gas is 
quite largely, and the product is fast replacing the i 
were formerly used. These are made in two places i 
first and largest at the works of the Cincinnati Fire C 
and the second at the Dover Fire Brick Co.’s establish: 
The clay body is compounded to stand conside 

any tendency to soften, for so large a piece of hollk 
refractory to maintain even its own weight at the te 
The mixture requires more care in compounding than : 
for more is involved in the failure of the retort to do g 

a few bricks. Calcine is used in large amount, , but era 
than common, and it needs a very good and plastic bon 


The retort is shaped from the tempered day by | 
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between a large sheet-iron shell and a wooden core. The shell is placed 

in position and the floor covered with clay 4 inches deep and tamped. 

The core is then introduced and adjusted so that 4 inches separate it 
from the walls on all sides. The clay is filled in smell amounıs ata 

time and tamped geutly. When the retort is high enough the core is 

withdrawa by a crane and the mouth of the retort built by hand. The 

shell is then unbolted and removed in two pieces, and the finished 

retort ie standing ou its end. It ia left to dry for several weeks in this 

position aud is finally removed to the kila to be burnt. It is put into 

an ordinary fire-brick kiln, and brick are piled around ii to keep it in 

position without sagging. These retorts are cheap compared to the iron 

ones, and where in steady use and never allowed to cool they prove 
very durable. 


GLass Pors. 


The third class of refractory material consists of the large pots in 
which glass is melted and worked. They are made by one large estab- 
lishment devoted to that specialty and by several of the glass-houses 
using them in the large way. 

The establishment referred to above is the Ohio Valley Pot Clay 
Co., of Steubenville, of which Mr. 8. Brown is the superintendent. 
The clays used are, Ist, Gros Almerode, near Coblentz, Germany, for 
bond clay; 2nd, Christy clay, from near St. Louis, Mo., used for cal- 
cine and bond; 3rd, Blue Ridge, Missouri, clay, used for bond and 
ealcıne ; 4th, Mineral Point, Ohio, flint clay, used as flint and calcine ; 
5th, old pot shells for calcine. 

The German clay is shipped as ballast in the holds of vessels and 
hence transportation costs bat little, much less than the Missouri clays 
in fact. It is an ezcessively fine-grained and heavy clay, and is very 
plastic, making a better bond than any native clay. It comes in blocks 
9’’x6”’x6”, which have to be pared with a draw-knife, and then broken 
and inspected and all irony spots removed. No pieces larger than a 
walnut are allowed to go into the mixture. The work involved in getting 
the clay ready for use is excessive, and it is the opinion of those at the 
works that it is much overrated. It is an excellent bond clay, it is 

true, but its refractory properties are excelled by the Christy clay of 
Missouri. 

These Missouri clays come in blocks, either calcined or raw. They 
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are pared and broken but not sorted over. They are 
shipping, so that they are much finer than in nature. TI 
‘is the finer-grained of thetwo. The Mineral Point calci 
now largely used, because the extensive connection of the « 
them to get back their old potshells for calcine, which, be 
the desired composition of the mixture, make a better ca 
single clay. 

These shells are chipped with small hammers until ı 
surface remains and only the clean interior is left. The « 
posed quite largely of calcine with a little flint clay, and ı 
German and Missouri bond-clays. The mixture is groun 
and sifted by a jig bolt, and the coarse part re-groun 
pugged five or six times in succession and then is stored a 
It remains in this state until it sours and smells offensiv 
men claim is necessary to its proper working. Itis wedge 
is ready for use. The pots are large structures about 5 fe 
wide and 4 feet long, bounded on top and sides by « 
and on the bottom by a flat face. They weigh from. 
pounds, and sometimes as much as 3,500 pounds. They : 
3 to 5 inches thick with a thicker floor, and are each bui 
platform covered with gravel, so that air may circulate 
and dry them faster. They are built entirely by hanc 
being added daily, and left to harden before another add 
Each builder, of which there are four, has on hand 12 or 1 
on which he daily builds a little more, until at the end of | 
a month he finishes them all together. Thus about 60° 
is found to be the average turnout of the works. The 
large four-story, provided with elevators so that the heav 
handled without danger of hurting them. They are drie 
six months, and the longer the better, and are shipped on 
trucks, which are returned to the works, so that they ar 
unloaded with ease and security, where before there was 
danger of breaking them. Each pot is worth from $60 
quality of the ware made at these works is excellent, and | 
culation amongst glass workers. The works are under m 
supervision, and the process would furnish material for 
description if space allowed. 


Mutual aig and Ncighbo-hood Club 
P . [3 . 
; woracto . Ponte, MichiggA3 


LININGS AND TILE. 


Besides the well-defined classes of refractory material which have 
been described there comes a last division which has no such clear 
definition, but which nevertheless needs some mention. 

Nearly all metallurgical industries have some special device which 
has to be made to order. They generally furnish a model to some brick 
factory, and let them furnish them with their whole supply. Also such 
work as making the different kinds of stove linings, and house-furnaces 
and grates, and a long list of similar necessities, engages the attention of 
several companies. There is little to describe about their manufac- 
ture—they do not require any great care of composition, and more hand- 
labor is employed to give a nice finish, but in all other respects they 
fall under previous descriptions. 

The number of establishments engaged in the manufacture of re- 
fractory material is about forty-five. 

Of these forty-five works, about forty-one are engaged in making 
fire-brick, two in retorts and two in glass pots. Careful records of the 
development of these industries cannot be found, but from the census 
of 1880 the following figures were secured. The number of fire-brick 
made in Ohio in 1880, was 19,878,000, which gives Ohio second place 
in the manufacture of that article, the great iron and steel State, Penn- 
sylvania, alone exceeding this number. 

Those two branches which employ the most skill and capital of all 
clay working industries in Ohio, have been now described somewhat in 
detail. The branches remaining, with the exception of ornamental 
clay working, are those in which the commoner properties of clay are 
involved, and a lower order of skill, but their wide application make 
their production a large and important industry. They number two— 
the manufacture of building material and of pipe. 


BUILDING MATERIAL. 


The manufacture of building material is the commonest application 
to which clay working is put, and it holds precedence of all other 
branches of clay working in point of. labor employed and value pro- 
duced. The commonest of all manufactured building material, brick, 
has of course been carried on since the earliest settlement of the State, 
but the other branches of the work are of more recent introduction. 


704 GEOLOGY OF OHIO. 


Special activity is being now manifested in the introduction of new and 
ornamental forms. They may be classified as: 


Plain. 
Brick — | Fressed. ; 
G.azed. Roof 
[ a oofing tile. 
| Solid | Floors tile. 
Tile — Biilding tile. 
| Hollow— (Fir proofing. 
L Flue linings. 
All these forms are being produced in the State. The manufacture 
of common brick will not be considered here, inasmuch as the pro- 


cesses are primitive in their simplicity and are to be found every where. 


PRESSED Brick. 


This is one of the newer departments of building material manutac- 
tures, but itis making rapid progress. The largest center of manufacture 
is at Zanesville, Muskingum county, where the natural facilities have 
been utilized by two large firms, Messrs. Harris Bros., and T. B. 
Townsend & Co. The former is the largest, and is probably as large as 
any any one brick establishment in Ohio. Under this firm, three yards 
in close proximity are maintained, with a working force of about one 
hundred men, and a daily capacity of 30,000 brick, common and pressed, 
equivalent to about 9,000,000 a year. The process employed is an 
admirable one, and could be more widely used with advantage. The 
clay, which is probably not far from the level of the Lower Freeport 
horizon, though there are no coal streaks near by to identify it, is yelluw 
and irony ; very like the best clays of the drift, though it is a true bedded 
formation. In its sitaation it lies within 10 feet of the surface on the 
tops of several ridges near the town, and it may be an ordinary fire-clay 
vein weathered to the state in which it is found. It is dug and thrown 
back in loosely-piled heaps, so that it may further soften and weather. 
Enouch is kept dug to allow it to weather a year before using. It i 
hauled to the works near by, and is then put into a soaking vat. This 
consists of a semi-circular depression 3 feet deep, and whose diameter 
is 30 feet. In the center of the diameter stands a pug-mill delivering 
away from the vat. This pit 1s filled with clay by dumping in sacces- 
sive cart-loads from the circumference ; when full, the vat is flooded 
from a hose near by until the amount added will make the whole intoa 
stiff mud. It soaks all night in this way in summer; in winter, wate 
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is heated in a large cauldron at one side, the flues from which circulate 
beneath the vat. In this way the clay is warmed first by the water, and 
then kept warm by the fires underneath. The expense of this apparatus 
for softening clays is light, and it may easily be put up by any mechanic, 
and it is found efficient in keeping the works going without interruption 
all winter. 

The clay is pugged as usual and delivered to the molder, who 
shapes it. The bricks are covered with a yellow-molding sand or 
earth, which, from the large percentage of iron it contains, assists in 
giving the bricks the cherry-red color which has done so much to recom- 
mend them. The drying is done on an ordinary fire-brick floor. The 
bricks are pressed in a Miller Brick Press, and again dried. They are 
all rubbed to remove the wire-edges, etc., and are ready to set in the 
kiln. The kilns employed here are very large; at the works visited 
the two kilns were of 320,000 and 215,000 brick capacity, respectively. 
The walls are permanent and massive; there is no roof but a tem- 
porary plank one; the fireplaces are large compound ones, each fireplace 
heating three arches of the kiln. The burning is from 10 to 12 days, 
and the cooling 3 or 4. The setting of the kiln is done very carefully,; 
the common brick are used to make the arches, and are piled up to an 
even height of about 4 or 5 courses above the top of the arch. At the 
ends and sides they are piled up about 1 yard thick. In the space left, 
the pressed brick are piled to within 1 yard of the kiln top; above, the 
common brick are again piled, so that the pressed brick are in shape of 
a rectangular solid, separated by at least a yard of common brick, from 
the walls un all sides or the air above and the fire below. By this 
means the utmost uniformity of burning is secured, and of the produc- 
tion at least 9 shades of color are separated. The brick are each one 
subjected to a critical examination, and are rejected for a defect in- 
visible to one unpracticed in the examination. Many ornamental shapes 
are made to relieve the monotony of a plain wall; some of them are ? 
only artistic, such as tiles, 1 foot square, containing well-drawn designs, 
etc. The price of the plain pressed article of any shade is $20.00 a 
thousand, or 2c. a piece, and ornamental shapes are just twice as much. 
These Zanesville brick are well known in the markets, and they meet 
but little competition in Ohio, though Cleveland and Liverpool both 
make pressed brick. The sharpest competition and the best market is 
in Chicago. 

45. G. 
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GLAZED Brick. 


The manufacture of glazed brick, though of recent origin, is already 
attracting a great deal of interest and attention among architects and 
builders. The bricks are of various colors, and are employed to make 
symmetrical and ornamental designs in building fronts. Very striking 
effects are obtainable through their use. The coloring, of course, ‘must 
be put upon an ordinary red or light-colored brick, and the proper 
mixture of re-agents to make a good enamel on a red clay is a question 
for pottery decorators to settle; and it seems as if to them it had been 
intrusted, for nearly all those firms visited, which decorate their own 
wares, had work of this sort on hand. 

Some colors are very easily obtained; the yellows are made by using 
a simple lead glaze on a cheap, buff fire-brick; blacks are made by a 
manganese and iron glaze; white and blue are the most difficult to make, 
as the strong red color, native to the clay, has first to be concealed by 
an opaque layer of white, which then is finished with a white or blue 
glaze; green is made in the same way. In the most skillful use of these 
bricks only a few colors are employed, such as red, black, blue, white, 
yellow, and possibly green, though all colors can be produced as well as 
those mentioned. There is no steady source of manufacture of these 
brick in the State at present, unless, as is possible, the Dover Fire 
Brick Co. has already started ; its preparations were nearly complete in 
the midsummer (1883.) 


RooFrine-Ti.e. 


In only a few places in Ohio is roofing-tile manufactured to any 
extent; the largest and most complete works seen was that of Mr. J. C. 
Ewart, of Akron. 

He uses the Akron sewer-pipe shale as a material for tile, and it 
answers that purpose very well. The grinding and tempering is done 
in tracers such as used for sewer-pipe ; when tempered it is put into a 
horizontal oylinder, in which a piston is working ; whatever is put into 
the cylinder is forced out, at the end of the stroke, in a series of parallel 
plates, about 6 inches wide, by § inches thick, and extending along 
until cut up into lengths. Considerable oil is used to keep the clay smooth 
and to keep the freshly-pressed plates from sticking. These plates are 
adjusted, one after another, on a series of discs arranged on the circum- 
ference of a revolving circular disc. This disc moves through } of its 
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circumference at a stroke, boring in succession each plate of clay, 
spread out on its table, under a compound piston. This piston is 
arranged to cut off the edge of the plate in a symmetrical shape, 
and then to press it into the required shape. The pressed tiles are 
removed and set in piles to dry. Drying takes about two weeks, in 
a steam-heated chamber, as the oil used in the pressing of the clay hinders 
the escape of the water. They are finally piled in loose order in a kiln to 
a depth of about 6 feet, and subjected to a light burn. The kilns 
employed are circular down-drafts. The ware is of several classes—1st, 
shingle-tile, which are more like shinglés than anything else, being 
slabs of burnt clay 12’x6’’x#” with holes in proper places for nailing 
them to the roof; their uses are as nearly like those of a real shingle as 
well can be; about 5 inches of each tile are exposed to the weather. The 
so-called diamond-tile are made to hook into each other, so that on roofs 
of not too great slant they all support each other, but are also supple- 
mented by nails. They are more ornamental than the shingle-tiles, but 
as they are more dependent on each other for support, they are not so 
durable or strong. One of the chief objections to a tile roof is its 
weight ; a ten-foot square of plain shingle tile weighs about 1,100 pounds, 
and the same area of diamond-tile weighs from 650 pounds to 850 pounds. 
The advantages claimed are durability, beauty, and immunity from 
danger by fire or lightning. The factory has a capacity of about 9,000 
tile daily, and employs 20 men. There is little competition in the 
line. Cincinnati has also an establishment for this manufacture. 


The use of flooring-tile, other than encaustic, is very limited; the 
production of a square or hexagonal tile for pavements and cellars is 
carried on in a few places, but the widest use of such tiles is in making 
the floors of the fire-brick works. 


The manufacture of various hollow-tiles is in a much more vigorous 
state than that of the flat varieties. Building-tile or hollow-tile, 
actually laid in a wall with mortar just like stone-blocks, is made in one 
establishment in Summit county, but nowhere else. The use of this 
article is so limited that the manufacture scarcely deserves description, 
but the disposition of the plant for handling the ware is uncommon and 
ingenious and is likely to be of value elsewhere. The clay is ground and 
tempered in tracing mills and put through an ordinary “auger” machine 
which is provided with adjustable dies. The commonest shape is a 
square tile about 6 inches on a side, 12 inches long, and ? inches thick. 
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These tile, as fast as cut, are piled in close order on a car standing beside 
the machine ; when the car is piled two deep, all over, it is replaced by 
an empty one and is run upon another car whose track lies beneath the 
general level, and whose top just reaches the floor. The two cars are 
at right angles. The lower carriage runs past a succession of parallel 
tracks, all at right angles to its line of direction. At any track the 
lower carriage can be stopped and the upper run off oneither side. The 
wings of the building are filled with this system of tracks, and, when 
working, the space is filled in succession with cars of green tile. 
When dry, this is run out and by a continuation of the same system of 
tracks run down to the kilns and finally into them, so that ware made 
- at the machine is put upon the car, from which it does not move until 
set for burning. These tracks run further into the yards and are used 
to draw the kiln as well as to set it. Empties are brought around by 
a switch to the machine. The whole system is most complete and 
seemingly economical, and though imperfectly sketched here, the plan 
can be seen and adapted to any case necessary. The factory produces 
several grades of tile which are used just like stone or large bricks, and 
are capable of fairly good service in that line, though any unevenness in 
burning makes a disagreeable variation of color in the ware, and also 
the soft plastic clays used allow considerable chance for shrinkage and 
warping that would be avoided if the tile were subjected to more 
pressure or made of a stiffer clay. 


FIrRE-PROOFING. 


This is a technical name for a peculiar kind of hollow-tile, designed 
to encase the iron beams and girders now so much used in the construction 
of large city buildings and factories. The beams are of a peculiar 
shape, and the tile have to be accurately fitted to them to serve the pur- 
pose well; when finished, a beam is separated from all outside sources of 
fire by a double wall of fire-clay and an air-space between. The tile is 
simply and easily made on an “auger” machine with adjustable dies, 
and offers no peculiar features in ifs manufacture. It is burned just 
hard enough to cease shrinking and to expel the water from the clay; 
where it is most largely produced it is made from the sandy clays used 
for sewer-pipe. The two largest sources of fire-proofing are Messrs. J. 
_ Francy & Sons, at Toronto, Jefferson county, and the Wassall Fire 

Clay Co., of Columbus. 
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The manufacture of flues, linings and chimneys for building pur- 
poses is altogether done in the sewer-pipe works, and it will be easier to 
describe the manufacture under this head. | 

The census of 1880 shows in the table of brick and tile that Ohio 
produced 296,224,000 common brick in the year, which gives it the 4th 
rank in the States, being surpassed by New York, Pennsylvania and 
Illinois. The State has 375 to 400 brick-yards; Cincinnati has 38, and 
Cleveland 22. In the manufacture of pressed brick Ohio stands 7th, 
with only 10,365,000 brick to her credit. Under the head of tile, 
which, however, does not include drain-tile, Ohio stands second, Illi- 
“ nois holding the first rank. The value of goods under this heading 
is $676,405.00. 

Including fire-brick, common brick, pressed brick, tiles, drain-tile, 
and all other products under this head, Ohio holds 3rd place in the 
Union, with $3,481,291.00 value of products, and employing over 5,500 
hands. New York exceeds it only by $627,000.00, but Pennsylvania 
is considerably in advance. 


PrpE-MAKING. 


The last large line of clay working to be described is that of pipe- 
making; it includes two very distinct branches—1, drain-pipe or tile ; 
2, sewer-pipe. The former is made on a very large scale in a large part 
of the State; for wherever the country is flat enough to need draining, 
on that part is found the génerous stock of drift-clays, from which to 
make the necessary tile. The works making drain-tile seem to be 
almost if not quite as frequent as brick-yards, and the business is con- 
stantly increasing as the farmers become more alive to the advantages 
attendant on its use. As for sewer-pipe, Ohio produces, according to 
the census of 1880, four times more pipe than any other State, and 
as much as the nine next largest put together. The shipping-books 
of the manufacturers show a market for their pipe in every State, and 
almost every large city in the Union. 


Drain PIPE. 


ra 


The steady and rapid growth of the production of drain-tile is one . 
of the favorable signs of agricultural progress in the State. As the 
necessary qualifications are found in any good drift-clay, material is 
alwaysathand. The working processes are equally simple and need but a 
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brief outline to make them familiar to all. The largest and best regulated 
establishment visited is that of A. O. Jones & Co., Columbus, and from 
that place this sketch was taken. The clay is dug in a 6-foot stratum, 
just in rear of the factory, and is carted into the works and dumped 
into a bin beside the grinding machine. It is here wet down with a hose 
to the right point, and is then shoveled into the grinder. This consists 
of two parallel, horizontal rolls revolving towards each other at-a dis- 
tance of + inch apart. 


On the surface of these rolls are small, gradual depressions and 
elevations which are arranged on both sides of the center as spirals to- 
ward either end. Any particle of hard matter over $ inch diameter 
will not catch in the smooth, slippery roll, but by the special motion of 
the alternating ridges and depressions will be carried off on either side 
and dropped into an appropriate receptacle, while all clay and soft mat- 
ter is crushed and deposited on the belt which runs underneath the 
machine. On this belt it travels to the “auger” machine, into which it 
is delivered. . 


The grinder is run at high speed and has no trouble in cleaning 
enough clay for one large machine to use. The “auger” machine so 
often alluded to, consists of a cylindrical shell of iron-plate, inside of 
which works a screw or auger. A hopper at one end catches and col- 
lects the clay as it comes from the grinder, and it is dropped upon the 
revolving screw—it is caught up and carried forward and is soon forced 
out at the other end through the orifice in the die. The machine has a 
set of dies from 2 inches to 12 inches, and can make any size at will. 
Besides the circular tile, by alterations in the die, fire-proofing, square 
tile, perforated brick, etc., can be made. There are a great many styles 
of auger machines in use. That made in Tecumseh, Michigan, by Brewer 
& Co., is a good one, also machines made at Bucyrus, and at Cuyahoga 
Falls are of good reputation. The shaped clay issuing from the 
machine is cut. in lengths and put on the shelves of an elevating belt. 
It is received on the upper floors and set on end on the drying floors, 
of which there are four, all made of slat-work to allow circulation of 
heat. The roof imprisons the hot air from the engine and boilers, »0 
that the temperature constantly ranges from 90° to 120°. The drying 
takes from one to three days, by which time the tile is quite hard. The 
census of 1880 gives Ohio a pre-eminence in this manufacture. The 
value of drain tile made in 1880 was $834,918.00, about 4% times as 
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much as the next highest State in the Union, and as much as the sum 
of the nine States next in rank. 


‘SEWER-PIPE. 


The importance of sewer-pipe manufacture, and the foremost posi- 
tion which Ohio takes in it, have been already mentioned. The subject 
is one of much interest, both as to the manufacture of the material and 
its proper use when made. The geographical distribution of the sewer- 
pipe works in the State is as follows: 1st, the Jefferson county district, 
including eight large works; 2nd, the Akron district, including six 
large works; 3rd, the Columbus district, including two large works; 
and 4th, several isolated works, of which the Haydenville factory is the 
largest. The commercial directories advertise a great many works as 
sewer-pipe establishments whose real line is the manufacture of drain- 
tile and such goods. There are two quite well-marked ways of making 
sewer-pipe, which leads to their classification usually as the river pro- 
cess (that used in the Ohio Valley in Jefferson county), and the Akron 
process (used at Akron and Columbus). Among the River Works, the 
Calumet company and Walker’s Works are the largest. The process 
is the same in all cases, and even extends into the manufacture of fire- 
brick as far as the grinding and tempering goes. The machinery and 
details have already been described under the manufacture of fire-brick, 
as well as the character of the clays of the district. 

When the clay has been ground, sifted and tempered,vit is usually 
elevated by « belt to the upper story of the works, and deposited in a 
pin beside the top of the press. These presess are'thejexpensive part of a 
sewer-pipe plant; there are six kinds in use in the State, though three 
kinds are found in single instances only. The largest press in use in 
Ohio is at the Walker Works, Columbiana county. It was made by a 
Pittsburgh firm, and is the only one furnished by this’ estab lishment. 
The Calumet Works have also two English presses, brought over in the 
early days of the industry, but they have been almost made over. At 
the works of the Haydenville company, two presses are in use, made by 
Spencer, of Steubenville. The other presses in use are made by Barber, 
of Akron, Stevenson, of Wellsville, and Taylor, Vaughn & Taylor, of 
Cuyahoga Falls. In those cases noted, the Barber press was in a little 
the widest use; the other two firms are about equally represented. All 
the machines act on the same principle, but the mechanical details dffer. 
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The press consists of a large steam cylinder, upon a high iron frame; 
the piston runs into a second cylinder of less diameter situated beneath 
it; this is called the mud-drum or mud-cylinder, and into it the clay to be 
pressed is introduced, and from its lower end it is forced out as pipe by 
the pressure from the upper or steam cylinder. The piston at the upper 
limit of the stroke leaves a passage into the inside of the mud-drum 
near the top, which is closed as the piston moves down further. Into 
this opening is shoveled the tempered clay. It istempered so dry that 
it may be shoveled with perfect ease, and it has no tendency to stick 
together by contact alone, though it does so readily by pressure. The 
cylinder being filled with clay, the piston is given steam and moves down 
slowly, consolidating the clay and expressing the inclosed air through 
small holes in the piston head and the cylinder bottom. When, through 
these holes, the clay begins to issue, the pressman knows that the clay 
has filled the shape of the cavity perfectly ; and as the bottom isa 
movable one, it is loosened and dropped upon a balanced platform close 
beneath it. This platform under the weight of the cylinder head, which 
is so shaped as to form the pipe, is just counter-balanced, and by any 
pressure can be moved up or down, carrying the socket shaper un its top. 
The bottom being pushed out of the way, continued pressure from above 
causes the pipe to issue. When enough has come out, it is cut off by s 
rotary knife from the inside, and the separated length of pipe is carried 
away either on a cart or in the hands. It is next sponged and pared, 
to smooth it. The pipe is shaped by being forced out between the wall 
of the mud-drum and a conical core which is suspended from higher 
up in the drum. This cone parts the clay evenly on all sides, and 
causes it to leave the press in an even, regular shape and thickness. 
The dimensions of the presses used are various ; the Pittsburgh press at 
Walker’s has a steam cylinder 44 inches in diameter, and 23 inches 
of mud-drum. The ordinary diameter is from 35 to 36 inches, and 
about 18-inch mud-drum. Those presses which are used for small pipe 
only are 24-inch cylinders and 12-inch mud-drum. The gang necessary 
to run a press are: Ist, one man to fill the mud-cylinder; 2nd, one 
engineer; 3rd, one man to cut the pipe and help handle the pipe ; 4th, 
one man to manipulate the socket shaper; 5th, from one to three men 
to carry off the pipe. At one of the Elliottsville works, a press is in 
use having two mud-drums parallel, which are filled and pressed alter- 
nately, so that the press may work constantly instead of filling, pressing 
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and waiting to refill, The drums are shifted backward and forward by 
a horizontal cylinder to one side. ‘Che capacity of a press varies with 
the kind of clay used, the size of pipe made, and many other conditions, 
but in normal working, will not vary far from these figures: 36-inch 
press, making 6-inch pipe, 3,000 feet a day; 12-inch pipe 1,000 feet 
daily ; 15-inch pipe, 800 feet; 18-inch pipe, 650 feet ; 20-inch and 24- 
inch pipe, about 500 feet daily. 

The heat used in sewer-pipe burning is only that necessary to get a 
good salt glaze; about one barrel of salt to a kiln is required. Coal is 
the fuel invariably used. The finished pipe are, after some coating, 


stacked up in piles ready for sale. The fittings which go with the pipe, , | 


such as curves, elbows, traps, Y’s and T’s, and all the other special shapes 
are made by hand in plaster molds. An outline of the process used at the 
river works has now been given, but it remains to notice the general 
quality and character of the ware, and the defects and their causes. 
The river pipe are made from a homogeneous clay, i e., the clay, by the 
nature of the preparatory steps, is reduced to a fine, even state of divi- 
sion, and by the character of the tempering plant is made into a per- 


fectly uniform paste. And as it enters the pressing chamber in a com-. 


paratively fine state, the force which compresses it does not make the 
lines of demarkation between the particles which composed the mass 
apparent as it would if the clay were not as soft as it is, and as finely 
divided. So when a piece of river pipe is broken its fracture shows an 
even, fine-graired structure, not so fine as stone-ware, but very similar 
and varying from a buff to a grayish-blue. This latter is the best tint 
to get, as it insures the combination of whatever impurity the clay con- 
tains with the free sand, and development of the best qualities of the 
clay. The use of salt makes the color a necessity, as a rule, for the 
combination of iron always begins before the glazing by salt vapor does. 
The strength that these pipe have is far in advance of any other Ohio 
pipe, as the structure, seen on the fracture, would show. The degree of 
heat which the clay wil] stand without injurious effects is far above the 
glazing heat of the pipe, and the only precaution in the burning to be 
observed is to secure enough heat with no close limit on the side of 
excess. The iron found in these Kittanning clays is present in small 
grains, which, under the action of the salt glaze, make unsightly black 
blisters and holes in the surface, though in no degree injuring the 
utility of the ware; this feature has hitherto much injured its popularity. 
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It is beginning to receive more credit than ever before, because its 
superior strength and durability are now being recognized. The oolor 
of the river pipe is light-red; in spots, where the heat did not get 
access to it, it is light-buff, and in over-burnt portions, a dark red 
color, which has not a pleasing effect. The even, beautiful red color 
of the Akron and Columbus pipe have been the secrets which have 
given them the popularity above other kinds, but experience teaches 
that the color is not essential to the best results. The river pipe, on 
account of their light, red color, and mottled, spotted appearance, have 
not had popularity in the West, particularly in Chicago, the greatest of 
all markets, but they are constantly gaining ground there. 

There is in use among railroads and such companies a kind of pipe 
which is especially fitted for their purposes. It is called among manı- 
facturers the Cincinnati Standard, and the point of difference between 
it and the ordinary pipe in the market is in the thickness of the shell, 
which is $ of its diameter, making a 24-inch pipe 2 inches thick instead 
of ı$ inches, as usual. This increased thickness is attained merely by 
diminishing the diameter of the conical core inside the mud-drum, and 
allowing a wider orifice through which the clay may pass. The river 
works make this pipe just as easily as they do the thinner kinds, and 
they claim an advantage here over their competitors who make no thick 
pipe. The names of the works engaged in clay working in the river- 
district from Steubenville to Liverpool are: 


1. Island Siding Fire Clay Co., Island Siding—brick. 


2. Jefferson Sewer Pipe Co., Toronto—sewer-pipe, brick and terra cotta. 

8. Forest City Works, J. Francy & Sons, Toronto—pipe, brick and terra cotta. 

4. Great Western Works, Francy and Dunspaugh, Toronto—pipe, brick and 
terra cotta. 

Calumet Works, Calumet Sewer Pipe Co., Calumet—pipe, brick and terrs 
cotta. 

Excelsior Works, P. Connor & Co., Calumet—pipe, brick and terra cotta. 

Freeman’s Works, J. Freeman & Co., Elliotteville—pipe, brick and terra cotta. 

Enterprise Works, Porter, Minor & Co., McCoy’s—brick and linings. 

Adamantine Works, Wilkinson, Steward & Co., McCoy’s—terra cotta and brick. 

10. J. Lythe & Sons, Wellsville—sewer-pipe and drain-tile. 

11. N. U. Walker & Co., Walker’s Station—sewer-pipe, terre cotta and brick. 


a 


fore 


Of these various works, 8 are engaged in the manufacture of sewer- 
pipe and have in the aggregate 85 kilns in use. At the Calumet works 
alone, 17 are kept in constant use. This is claimed to be the largest 
sewer-pipe factory in the United States; its plant consists of 5 grinding 
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mills, 4 presses, 97,000 square feet of drying floors. Its capacity is 
about 11,000 tons of pipe yearly, and about 600,000 No. 2 fire-brick as 
well. 

The differences in the manufacture of pipe in the Akron and 
Columbus district from the river process begin in the material employed. 
The grinding machinery of the Akron district consist of the machines 
called tracers, and which have so often been alluded to in other connec- 
tions. The tracer is an excellent machine for grinding a true clay of a 
sandy or plastic nature, and though its work in shale is successful, yet 
it seems as if the heavy wet mill of a fire-brick works could not fail to 
be better. It would at any rate grind much more in the same time 
than the tracer, if it did not grind it any better. The fracture of an 
Akron pipe shows frequently small pieces of shale which have escaped 
the wheels, and in burning, these pieces usually shrink away from the 
bond clay so as to make a loose spot in the pipe, and they are conse- 
quently weakening in their effect. As the test of a wet mill has been 
nowhere made, it would surely be a valuable contribution to that dis- 
trict if some operator gave it a fair trial. 

The grinding takes from 45 to 50 minutes, and about 1,200 pounds 
constitute a charge ; the water used is added by the bucketful, and the clay 
is tempered very stiff. In many works they use only $ as many machines 
as necessary, and run part of their plant all night to get the necessary 
clay for the next day’s campaign. The Akron works all use the Barber 
machines, though some of them are of the new style; traces are made 
by the Cuyahoga Falls Co. The ground clay is shoveled into a squeezer 
either of the screw or piston type, and it is concentrated into a long 
compact cylinder about 6 inches or 8 inches in diameter. This is cut 
up in lengths of about 15 pounds weight and is fed to the machine in 
that shape. From this results the worst trouble of the Akron pipe; 
the stiffness of the clay and the large, well-compressed wads in which 
it is fed, act together in keeping the clay from uniting to a homoge- 
neous mass. Even under the powerful pressure of the machine the 
lines of demarkation between the different pieces going to make up a 
pipe, are plainly to be seen on the fracture of a burned pipe. They are 
arranged in circles concentric to the outside of the pipe, and often a 
crack +, of an inch separates the layers of theclay. This is all developed 
on burning, but is not visible before to any such degree. The working 
of the clay is admirable. It issues from the press as smooth as if molded 
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with oil, and the sockets are beautifully true and correct. The drying, 
setting and burning need no special attention. The kilns used are just 
like the stone-ware kilns; they are oblong, end-fired down-drafts, about 
30 to 35 feet long, and 15 to 2U feet wide, with an average capacity of 
about 40 tons. The burning takes six days. 


The character of Akron ware has already been hinted at in the 
description of the river pipe. It is a smooth, handsome ware, well- 
shaped, of a beautiful dark, red-brown color, and remarkably uniform. 
On its fracture it shows the red color of a brick or even a darker, which 
shows the presence of iron in that peculiar state so hard to define, which 
is necessary to the development of the high color; the per cent. of iron 
must be high, yet but little of that offensive blotching seen on the river 
ware can be noticed. The weakening of the whole {structure by the 
concentric cracks due to the pressing is the worst fault of the pipe. 


As to the inability of the Akron works to make the Cincinnati Stan- 
dard pipe, this is to be said. The increase of thickness of their pipe, 
with the same amount of drying which they now give it, is liable to cause 
large flakes to spall off from the sides of the pipe when heated in the kiln. 
With a longer and hotter drying they could make these thick pipe, but as 
their capacity is used to the fullest rate now, they are under no necessity 
to begin its manufacture. One point where they hold a decided advan- 
tage over the River district, is the use of the patent device for making 
curves, elbows, S’s and traps. They can control the position of the core 
inside the mud-drums by a lever, and by moving it so as to make one 
aperture smaller than the other, the clay issues the fastest on the 
thinnest side and the pipe takes a curve shape. Also by using a softer 
clay on one side than the other, the softest part issues faster and the 
pipe curves. The use of the movable core is so nicely manufactured 
that such curves as the letter 8, and the stench traps, can be made with- 
out help from the hands. This is a patented principle, and the Akron 
works have a monopoly on it, and refuse to share with other parties. 

The catalogues and circulars of the Akron manufacturers claim 
that they sell a vitrified pipe. But the word vitrified has a definite 
signification. It would require, if properly applied, that the clay should 
have been fused to a glass, or that it should have undergone incipient 
fusion, or that its free silica and fluxing impurities should have been 
made to combine. But none of these conditions are met. The fracture 
of the Akron pipe is not in the least vitreous. On the contrary, parti- 
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cles of the mass, such as pieces of shale, can frequently be seen separate 
and distinct from the body clay. The color also of combined oxide of 
iron and silica is dark, running from blue to black, while the color of 
uncombined oxide of iron is red; the color ofthe Akron pipe is red, 
showing that the impurities are not in a state of combination. But 
though the pipe is not vitrified, it is probably better than if it were, for 
the excess of the iron in the clay would tend to make it brittle if it were 
in real combination. In other words, vitrification would possibly be 
not only an undesirable but a dangerous quality in a sewer-pipe. The 
pipe manufactured by Messrs. Sperry and Rattle at Tallmage, shows 
more nearly a truly vitrified fracture than any seen in the district. 
Judicious experimentation with powdered feldspar, salt, potash solution, 
or any fluxing agent, would very soon establish the practicability, and 
test the advantage of making the pipe vitrify throughout. The Akron 
pipe probably have as wide a distribution as any similar manufactured 
product in Ohio; they go in all directions and in all quantities. The 
four works in Akron have a yearly capacity of 5,000 car loads. The 
largest works, the Akron Sewer-Pipe Company, have 3 presses, 12 kilns, 
and employ one hundred men. They make pipe by both steam and water- 
power. This factory also claims the distinction of being the largest in 
the country; it requires a close comparison to decide between this and 
the Calumet works. The position of Ohio in the sewer-pipe business has 
been mentioned. There are no records available which show the exact 
condition, as the census returns make no mention of it, but Ohio’s annual 
product is probably about $3,000,000 in list price, which is subjected to 
a variable discount. The number of works of considerable size and 
prominence is seventeen. The nearest competitor among the other States 
is New York, which has probably about half the development that we 
have. The States rank in production: Ohio, NewYork, Missouri, New 
Jersey, Illinois, Pennsylvania and Indiana. 


ORNAMENTAL CLAY WORKING. 


The only artistic applications to which clay is put in Ohio are the 
manufacture of encaustic tiling, ornamental pottery and terra cotta. 


Encaustic TILING. _ 


This beautiful ware is manufactured in only three places in the 
United States at present, among which the works at Zanesville were 
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the first to be established, and their products have attained as high a 
grade of perfection as any. The name of the Zanesville firm is the 
American Encaustic Tiling Company, Geo. Stanberry, superintendent. 
The stock is chiefly owned in New York, and nearly all the products of 
the works are sold there, in the face of foreign competition. Our best 
tiles are as good as the best of the English and French, but the average 
of foreign tiles exceeds the average of the home manufacture. The 
clays used are of many kinds; those varieties used in largest proportion 
which constitute the “body” clays, and are found in the immediate 
vicinity of the works, but the clays which are used for the more delicate 
processes, come from widely scattered and distant localities. In making 
colored clays, the effort is to obtain a clay as nearly right naturally as 
possible, and then to correct it with the necessary reagents, rather than 
to undertake to establish a new color in aclay. The process in outline is 
as follows: The clays are washed or beaten up to a slip in a “ blunger,” 
and while in this state the necessary metallic oxides are added to color 
them. The slip is strained and evaporated to a paste in iron-lined 
tanks. This paste is stacked up in open cribs in a tight steam-heated 
room, and the clay is then retained until perfectly dry. It is then re- 
duced’ to powder and uniformly moistened, but so slightly that it is not 
perceptible to the hand, and in this state it is molded. Each kind of 
powder, though probably indistinguishable in appearance from others, 
has the elements in it which will develop its own color. The presses are 
ingeniously devised machinery, the invention of Mr. Stanberry ; the 
plant of the works in this regard is as efficient as any in operation any- 
where. The simplest tiles are made from clay of one color, and the 
process consists of stamping so much clay powder into a confined space, 
and consolidating it by enormous pressure. Next come those tiles made 
of two colored clays; the first stamping makes the body but leaves 
indentations in its surface, into which the second clay is put, and this is 
pressed into place; the tile is then scraped to get a, cleanly-drawn line 
of both colors and again stamped with a flat die. The most complex 
tiles show six colors on their face, and have a band of a seventh kind 
of clay running through the centre to keep the complex mixture from 
warping. These tiles are subjected to frequent tests, to see if the force 
of compression and degree of moistening is correct. They are dried in 
steam-heated closets for as much as six weeks after pressing, in order to 
insure their perfect dryness before burning. The burning is done in 
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saggers, like china-ware, and with fully as much care. The kilns are 
in all respeots like the china-ware kilns of East Liverpool. The tiles 
are sold in the biscuit state or are glazed, plain colored or majolica. 
Some tiles are also enameled and carved by hand designs, eto.; this class 
of work is very expensive, as all really artistic work is. The working 
force of men employed is large, but the management are so far enabled 
to keep all the important points of the work under their own immediate 
charge, so that an attempt to learn the secret of the trade from the work- 
men would be fruitless. A good illustration of the way in which a 
successful venture is copied may be seen here in Zanesville, where a rival 
stock-company has been formed, and is starting out with nothing but 
money to rely upon in a difficult technica] art, like that of making 
encaustic tiling. 


ORNAMENTAL POTTERY. 


Another establishment, the only one of its kind, and reflecting 
equal credit on the State, is the celebrated Geo. Ward Rookwood pot- 
tery, of Cincinnati. It is owned by Mrs. Nichols, and is under the 
management of Mr. Cranch. It is devoted entirely to the production of 
ornamental pottery. Both molded and turned wares are manufactured 
in great variety, from the antique to the most modern styles. In decora- 
tion there is also equal range, over-glaze, under-glaze and smear-glaze 
decoration being all carried on, and some vase gilding as well. The 
artists employed are each of them specialists of a high rank of excellence, 
Among them, Miss McLaughlin’s work in particular is sought after, and 
she is credited with being the inventor of the style of decoration called 
the Cincinnati faience. The elegant wares made at this place take rank 
side by side with the best of foreign production. 


TERRA COTTA. 


Terra Cotta is divided into two kinds—useful and ornamental. 
‘The useful kinds are chimney-tops and flues. The ornamental forms 
aire lawn vases, fountains, statuary, etc. Ä 

There is room for the exercise of taste and skill in making some of 
these higher grades of wares. 

The flues and chimney-tops are made on ordinary sewer-pipe presses, 
either with or without a socket. Square flues are made by putting on 
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special dies made for the purpose. The more artistic chi 
all the other kinds of ware are made in molds. In the n 
terra cotta, the development of the possibilities of molds 
trated than in any other line of clay working. In the 

the clay, which is usually a gritty plastic clay, there is no: 
tion taken, unless it is a little longer grinding. than | 
The molds are filled by hand. In making statuary and 
used consists of an outer shell with proper handles cut in 
can be lifted off as a cover from the inside part. The molc 
in an inverted position ; the cavity is seen in its proper 
walls of it are made of a great number of small blocks wh 
perfectly. The cavity is filled by hand and the mold is 

the outer shell withdrawn, and the blocks removed one bh 
back into place, leaving the figure desired in clay. | 
statuary of small size have more than 100 blocks inside t 
Real terra cotta burning should be done in a closed cham 
one establishment, viz., the Wassall, Fire-clay Works, of 
it done; their kiln consists of an inner kiln, in which th 
and secured, and which is then shut and luted with clay 
kiln, which carries the heat on all sides of the interior 
fuel used to make the interior kiln red-hot is in quite lar; 
the pure color and absence of spotting of the ware repa: 
When terra cotta is burnt in open kilns like pipe it is bur 
is not nearly so light-colored or handsome. The cla 
district make an admirable terra cotta, but are all | 
sewer-pipe kilne; and they have contributed one point 
to the theory of burning of clays. On the light-colo 
it is found at all times that the surfaces exposed to th 
down-draft, i e., all the upper surfaces of the ware are cı 
fine red powder which seems deposited on these place 
which descends slowly will cover the upper side of every 
to the weather. This red powder can be partially removed, 
at which it is burned part of it sticks to the ware, and wi 
It consists of particles of ash and other debris from the fires 
probably during the whole process of burning; but as th 
cumulates soot an inch thick when it is first heated, it may | 
is what catches the flying particles, which are left as the so 
At any rate the point is proved that the draft of a kiln c: 
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perceptible aniount of irony and fluxing materials which tend to flux 
the outside of the ware and give it the dark appearance that runs along 
the arches and exposed parts of the brick kilns, etc. This is usually 
attributed to “sulphur in the fuel”, etc., but its explanation is found in 
the above facts. The only way to obviate this difficulty is to burn terra 
cotta in elosed spaces, or to put up a net-work of surfaces which shall 
catch this dust before it touches the ware. Ifthe draft from every fire- 
place were made to pass through a cubic yard or so of bricks closely 
piled, they being both the hottest parts of the kiln, and the most ex- 
posed would probably act as strainers to their respective fires, and would 
eliminate part of the trouble, if not all. 

Nearly all the river works make terra cotta, but at N. U. Walker’s, 
the best ware of this district, and the most of it, is made. Thisis probably 
the largest terra cotta factory in the United States. It has a tempering 
plant for terra cotta alone, a sewer-pire press for linings and chimneys, 
and has 6 kilns, three of which are very large ones. His daily pro- 
duct would amount to 24 tons of ware, about 20 in flues, etc., and 4 in 
statuary and finer grades of work. The Wassall works, at Columbus, 
make but a small amount, but in the finish and execution of what they 
turn out they take the first rank. 


46 G. 





CHAPTER X. 


THE GAS COALS OF OHIO. 
By Emerson McMILuin, Superintendent of Columbus Gas- Wo 


To determine the commercial value of any particular 
making, several points must be considered. First, co: 
market; second, quantity and illuminating power of gas to 
from the coal; third, character and weight of coke; fou 
from impurities. | 

The first point—convenience to market—is one of grea: 
Mines located along navigable streams and water-ways foı 
tion, have greatly the advantage of coal that must be tr 
rail, Youghiogheny coal being carried down the Ohio rive 
of 500 miles, to the largest market of the State, at a less c 
can be transported by rail from the great coal fields of ] 
Perry counties, distant only 120 to 200 miles from the san 

So far but little effort seems to have been made to ii 
coals from mines located along the Ohio river, in this Sts 
works. | 

The great Pittsburgh seam is accessible to the rive 
points, and notably so at Pomeroy. The coal from the nur 
at Pomeroy has been in the market for many years asa fav 
tic and steam coal, and recently it has been tried at some | 
this State and in some Eastern cities with fair results. Th 
however, was rather better than the coal known in th 
Pomeroy or Ohio river coal, it being from a mine recently 
still in the Pittsburgh seam. Could the rich cannel coal o: 
3a and 35 seams, mined in Vinton, Jackson, Licking and 
ties of the State, be put into gas-works at same cost as Y 
coal, the former would be very largely used, and possibly t 
sion of the latter, where gas of high illuminating power i: 

This brings us to the second point of consideration— 
illuminating power of gas to be obtained from a given qua 

‘Coal yielding§4 feet to the pound is not worth four-fift 
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of coal that yields 5 feet to the pound. The use of the richer coal 

reduces the cost of necessary plant, labor in retort house, wear and tear 

of retorts, and the consumption of coke for fuel. The illuminating 

power being the same, and the value of the richer coal being placed at 

$2.50 per net ton at gas-works, then the value of the leaner coal will not 

exceed $1.95, and probably not $1.90, especially to small works, not 

using or disposing of their ammoniacal liquor. But, as a rule, the 

richer coal gives gas of a higher illuminating power than does the leaner . 
article. Coal giving a high candle power gas often possesses great 

value, even when giving an inferior coke, and not extraordinary yield in 

quantity, in this, that it may enable the gas-works to use a poor coal, or 

a coal that makes a low candle-power gas, but which from ite nearness 

or convenience to the works, can be obtained, relatively, much cheaper | 
than good gas coal. 

General figures and calculations cannot be given that will be of 
much value.or interest to works in any particular locality, but with 
the number of gas-works located in the coal producing territory of the 
State, it seems that by a proper admixture of the local coals that can 
be obtained cheaply with the cannel of numbers 3, 3a and 35 (the 
Mercer and Tionesta coals), a much greater quantity of Ohio coals 
might be used with profit to the gas companies. 

In many localities local coals, say of numbers 5 or 6 (the Kittanning 
seams), may be obtained at $1.50 per ton, and cannel at $3.00 per ton. 
Number 5 will produce 9,000 feet to the net ton of 13 candle gas. No.3 
cannel, 9,000 feet, of 24 candle gas, the mixture giving a coal at $2.25 
per ton that yields 9,000 feet of 18.5 candle gas, with good coke from half 
the coal, and inferior coke from the other half or from the cannel coal. 


Weight and character of coke ranks third in determining the value of 
gas coals. In both quantity of coke produced from a ton of coal, and in the 
quality of such coke, Ohio coals are generally inferior to Youghiogheny 
coal, The Pittsburgh seam in Ohio gives a coke inferior only perhaps 
in quantity of sulphur it contains, and possibly a slight excess of ash. 


The number 5 seam, of southern Ohio, gives a coke very similar in 
appearance to Youghiogheny, but carries so much sulphur as'to be use- 
less for many purposes for which good coke is used. Number 6 seam 
gives a lighter and more pulverulent coke, containing more sulphur 
than the Youghiogheny gas ccke. Its structure is such as to cause it to 
be consumed with greater rapidity, producing intense heat and fluxing 
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the ash to a greater degree than is the case with Youghioghe 

The fourth and last general point to be considered in 
the value of any particular coal for gas making, is its impu 
term impurity is here used in the sense that is usually ap) 
gas-works of the United States, and particularly in the sm 
referring to the sulphur compounds, sulphuretted hy« 
bisulphide of carbon. 

An analysis for total quantity will not always determi: 
tion whether a coal contains a too large per cent. of su 
profitably used in gas making. Two coals containing equal 
of sulphur may produce gas—the one easily purified, an 
foul and hard to purify. But the question of purificatio 
much less importance now in determining the value of coal 
the case a few years ago. 

The general adaptation of oxide of iron, in its various fe 
reduced the cost, that the expense of removing the sulphure 


~ gen has become almost nominal. 


But lime is still used for the removal of bisulphide of 
carbonic acid. | 

Ammonia, in its various forms, has not here been tres 
sidered as an impurity, as the cost of removal in small wo: 
nificant, while in the large works the ammonical liquor is of 
of revenue. 

Both carbonic acid and carbonic oxide are impurities a1 
duced to a greater extent by the use of some coals than by o 
we have not considered either of these impurities in making 
for the determination of the value of gas coals, as the manner 
lation often has as much to do with, and is as much at : 
production of these impurities, as is the character of the co: 

Coal having no definite composition, and coals of almo 
composition as ascertained by ultimate analysis giving total 
results when distilled in a gas retort, renders it impossible t 
any positive rule for judging a good gas coal by its analysis. 
safe perhaps to say that the gasmaker should choose the cos 
tains the largest per cent. of hydrogen and the smallest | 
oxygen. While it is well known that the combustion of I 
the ordinary pressure of gas consumption, results simply in 
a blue flame without light, and it is equally certain that t 
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the gas flame is produced by the incandescence of the carbon of the 
gas; still, as before stated, the best gas coals are those which contain 
the largest per cent. of hydrogen, and consequently smallest per cent. 
of carbon, and the less oxygen the better. 

The larger the per cent. of hydrogen that coal contains, the greater 
the quantity of carbon that can be volatilized, and the combustion of 
the hydrogen at the tip of the gas burner is necessary to produce, the 
proper degree of temperature in the carbon to give us the incandescent 
light, and to eventually promote the ignition of carbon, and its con- 
version to carbonic acid, and thereby preventing the escape of free car- 
bon and the creation of smoke and deposition of soot. 

The analysis of the best gas coals often shows the per cent. of ash 
so great as to be almost beyond belief. The coke from Boghead 
cannel, a coal that yields 13,000 to 15,000 feet of thirty-five to forty 
candle power gas, has analyzed 70 per cent. of the weight of the coke 
in ash. Other good gas coals of the cannel character, range down to 
20 per cent. of the weight of its coke in ash. Coals used in gas-works 
of this and other countries vary in quality from one grade yielding 
6,000 feet to the net ton of thirteen candle gas, up to 12,500 feet of 131 
candle gas; the latter coal, if coal we are permitted to call it, being 
known as the Hartley mineral of New South Wales—the one yielding 
thirty-nine candle feet to the pound, the other yielding eight hundred 
and twenty-nine candle feet to the pound. 

The Albertite of Nova Scotia will yield 13,300 feet to the net ton 
of nearly fifty candle gas, or three hundred and thirty candle feet to the 
pound. Grahamite, of West Virginia, 13,500 feet of twenty-eight 
candle gas, or one hundred and eighty-nine candle feet. 

But few persons can realize the magnitude of the gas industry of 
this country. There are now in the United States more than seven 
hundred incorporated gas companies, doing business with a capital of 
over two hundred millions, and employing more than twenty-five 
thousand men. Just what amount of capital is employed in this State 
in the manufacture of and distribution of illuminating gas, could not 
be ascertained by the writer, but as more than ten per cent. of the total 
gas-works of the country are. located in Ohio, it is probably not too high 
an estimate to place the capital at 74 per cent. of the total, or about 
fifteen million dollars, and this business has grown up almost entirely 
during the last generation. The first gas-works of the State were built 
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in Cincinnati, in the year 1842; the town being first ligh 
14, 1843; the second at Cleveland during the year 1849, an 
at Zanesville, same year. There are seventy-five gas-wo 
operation in the State. Ten years ago, prices for gas range« 
to $5.00 per thousand feet. Prices now range from $1.25 to 9 
the rapid growth of towns and cities and consequent increa 
for gas, the companies have been enabled to corresponding]: 
price. While the growth of the business has been rapid, v 
believe that the business will make much more rapid strides 
next than during the last decade; and this notwithstandin 
duction of lighting by electricity. In fact, so far the new ligl 
helped than hurt the gas interest. It has apparently spurr 
panies to seek new fields, to introduce improved apparatus, 
price of gas and thereby stimulated its use for motive po 
cooking and heating stoves, and in many ways the busine 
increased to a degree that far more than compensates for th 
few consumers that have substituted the electric light for cx 


One of the best authorities of the State gives it as his. 
a capital of $8.00 per one thousand feet, or a capital equal 1 
every one thousand feet of annual production, is about wha 
in this country to construct and successfully operate a p. 
manufacture and distribution of gas. This is too large fo: 
and too low for small towns, but the average is not far from 
figuring upon this basis, the capital employed in this Stat 
about what is given on a previous page, viz., fifteen million 


In reply to inquiries made of all the gas-works in the 
about 18,000 tons of Ohio coal is reported as being used in tl 
of the State during the year 1882. 


While many works failed to respond to the inquiries, i 
about all did so that are using native coal. It would be < 
bounds to say that not to exceed 25,000 tons per annum o 
are used in the great industry of making illuminating gas. 
than 10 per cent. of the total quantity used. 


This may be accounted for—first, from the fact that th 
are generally dryer burning, and containing less bitumeı 
lighter and more pulverulent coke, and containing less volat 
tible matter; second, from the fact that Cincinnati, a city m 
one-third of all the illuminating gas that is consumed in th 


m 
tual Aid and Neighborhood Clab 
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’ hi 
THE GAB COALS OF OHIO. gan 727 


be supplied with the fine gas coals of the Youghiogheny region, at less 
cost per ton (river transportation) than the leaner Ohio coals can be 
delivered for. Again, Cleveland, the next largest city in population, 
and second only to Cincinnati in gas consumption, and making about 
one-fifth of the total production of the State, can be reached with 
Pennsylvania coal of superior quality with less cost than coal can be 
delivered from the principal coal fields of Ohio. Columbus, making 
about one-tenth of the total production, has for a number of years used 
coal from the Hocking coal fields, almost exclusively—the inducement 
being a short haul from the Hocking Valley, while a long haul by rail 
is required to deliver the Youghiogheny coal to the Capital city. 

Coal is used for gas-making from several seams of the Ohio series, 
yet the Middle Kittanning seam, No. 6, probably furnishes three-fourths 
of all that is used in gas-works. 


The reports from a number of gas companies show that an average 
of not to exceed 3.75 feet of gas to the pound is obtained from this 
coal, though some works do much better. The coke seems to be a favor- 
ite one for base-burning stoves, and some classes of smithing, but for the 
cupola and blast furnace purposes it is quite inferior to the oven coke of 
the Connelsville region, or to the gas coke made from Pittsburgh or 
Youghiogheny coal. A cannel coal obtained in several localities from 
the number 3, 3a and 35 seams has been used to a limited extent, and 
may yet be developed into one of the principal gas making coals of 
the State. 


The seams are generally thin, and have not been much developed 
along lines of railroads, or if on railroads, then quite distant from the 
larger cities. The Lower Kittanning coal, No. 5, has been used at several 
of the smaller towns for many years. This coal is reported to yield 44% 
feet of gas to the pound of coal, and the coke from it is superior to 
that made from the number 6 seam (except that it contains more 
sulphur), or from either of the other seams, excepting only number 8, or 
the Pittsburgh seam. 

It is doubtful if any coal in Ohio is entitled to the distinction of 
being classed as strictly a gas coal. There are probably twenty-five, 
and not to exceed thirty gas-works in the State that use Ohio coal ex- 
clusively, and a few others that use it in part asa mixture with Yough- 
iogheny coal. Generally these works are small. 

Sufficient importance does not seem to be attached to the difference 
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in coals for producing gas. For instance, one coal will pr 
14.5 candle gas, another 4.40 feet of 16 candle gas. Ne 
coals produce about the same weight and character of c« 
a common error to rate the second coal as about 10 per ce 
the first. As the object to be attained in the decomposi 
light, a simple calculation will show the fallacy of such r 


440 16= 70.40 candle feet. 
4,00 14.5 = 58.00 candle feet. 


— ss 


Difference, 12.40 candle feet. 
Or, 17.61 per cent. 


In most mines of this State driven in on coal No. 6, or 
there are found three members of the seam, the lower | 
the softest and apparently the best part of the vein. Thi 
ber is much the thickest and usually of good quality. 
upper member is sometimes missing, and often of poor 
taining a large per cent. of ash. In the Hocking Vall 
member is often left to form the roof of the mine. 

Sometimes this member is found to be a fair cannel « 
in light-produeing gas, as is shown by test numbers XIV : 
yield of gas is quite good, and the quality of the gas n 
being of higher illuminating power than was obtained fro 
justly celebrated cannel coal of the Kanawha Valley. \ 
is sufficient quantity of this coal that partakes of the « 
teristics to make it of economic value, the writer is not p 
The question is one, however, worthy of thorough invest 

The coke made from this coal or cannel is very inferi 
a large per cent, of ash. 

The presence or absence of this cannel in coal pur 
works will in a measure account for the very different re 
by the different works of the State that have used Hocki 

With a proper admixture of the lower members of | 
the cannel, very fair results may be obtained, 


Assuming that a mixture of the two lower membe 
will produce four feet to the pound, or 8,000 feet to he 


candle gas, and that the cannel will produce four and a 
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feet to the ton of 19 candle gas, then a mixture of three-fourths cannel 
and one-fourth coal will produce, 


1X8= 8 and 8X14=112% 
8X 9= 27 and 27K 19=5138 


4)35 y625(17.86 


8,750 feet of 17.86 candle gas. 


Half cannel and half coal will produce, 8X14=112 
9 19=-171 


2)17 )288(16.65 


8,500 feet of 16.65 candle gas. 


One-fourth cannel and three-fourths coal will produce, 
1x9= Y9and 9X19=171 
8X8= 24 and 24X 14=336 


4)33 )507(15.86 


8,250 feet of 15.86 candle gas. 


By the analyses made by Prof. Wormley, as published in the first 
volume of the Ohio Geological Survey, it is clearly shown that but a 
small per cent. of the sulphur in some of the coals analyzed was in 
combination with iron. What the combination really is, I believe is 
unknown. 

- As before stated, analyses show that in some coal nearly all of the 
sulphur passes off in the gas, while with others a very large per cent. 
remains in the coke. It is quite probable that the conditions of the 
analysis have much to do with bringing about these results, and that two 
analyses of the same coal may, in one instance, give coke nearly free 
from sulphur, and the other show most of the sulphur remaining in the 
coke. In the volume just referred to it is stated by analysis, or rather 
by carbonization, Pittsburgh coal is shown to yield 3.50 feet of fourteen 
candle gas per pound of coal, and the Hocking coal is shown to yield 
3.30 feet of eighteen candle gas. 

The fact is, that good Youghiogheny or Pittsburgh coal, yields in 
all large well managed works, 4.75 ft. to 5.26 ft. of 15 to 17.5 candle 
gas to the pound of coal, while by actual tests, as shown in this chapter, 
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the Hocking coal yields, leaving out the cannel of No, 
feet of 13 to 15 candle gas per pound of coal carbonized 

The difference in results obtained in practice noy 
laboratory tests made twelve years ago, seems too great. 
difference is partially accounted for by the fact that gas- 
making a much greater yield of gas than was obtained 
kinds of coal used ten or twelve years ago, when it w 
Prof. Newberry that in practice, gas-works were able to 
gas from Pittsburgh coal. It often occurs that the samp 
analysis by parties interested in having a good report th 
coal from the part of the seam containing the least volat 
matter. Again, the temperature of the crucibles of th 
usually below that of a good working retort in gas-works 
is, that a larger per cent. of tar and oils are produced with 
but better quality of gas. But the greater difference in 
tained doubtless occurs in the length of time the vapors— 
condensable—are in contact with the highly heated surface 
In the laboratory the vapor rapidly eseapes and probabl; 
exit from the crucible, the same chemical composition it 
bursting from the lump of coal, largely condensable — 
temperature, and the permanent gases composed of the r 
hydro-carbons, while in gas-works practice, the vapor 
travel slowly a distance of two to ten feet, and to be brot 
with the hot surface of the retorts and of the highly h 
coke. In this manner the condensable vapors of the 
decomposed in the retort and converted into permane 
heavier hydro-carbons are broken up into hydrogen an 
or soot, the volume of gas being thereby augmented, 
inating power of an equal volume of the gas being la 
though the actual candle feet or total light obtained fron 
will be greater with high than low heats. 

The tables given below show the result of tests mad 
larger gas-works of this State. The tests were first ma 
scale, 150 to 200 pounds, and afterwards generally re 
results verified on a larger seale, using 75 to 100 Be, 3 

The engineer making these tests, for the ss sake of 
comparison, assumed that the gas weighed 26 feet t 
specifie gravity of about 500, air being 1,000, Th 
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not easily accounted for, at least not all of it. By one of the tests itis 
shown that the weight of lime used in purifying the gas increased 2.75 
per cent. and this will doubtless apply to all the other tests. Still there 
is a large per cent. unaccounted for.of the material charged. Doubtless 
much of it may be accounted for by the wasteful method of charging 
the coal into the retorts with a shovel or common coal scoop. From 
the time the first shovelful is thrown into the retort until the charging 
is completed and the lid put on the mouth-piece, there is a rapid genera- 
tion of moisture and heavy hydro-carbons. Much of the the volatile 
matter escaping at this time is condensable, in the main and tar scrub- 
bers, and is very heavy as compared with the gas that enters the holder. 

But the loss is not peculiar to the works making these tests nor to 
the American practice, as will be seen by glancing at the tables pre- 
sented on a another page, where tests of English coals are given. The 
loss there is reported quite as heavy as the loss shown here. In these 
tests the tar and ammoniacal liquor is separated by gravity, and it is 
possible, indeed quite probable, that had the liquid been permitted to 
settle for some hours before being separated and weighed, more tar 
would have been precipitated and the per cent. of tar increased and the 
per cent. of liquor correspondingly decreased. 


Test number 1.—Hocking Valley coal, from the great vein, or No. 6 seam: 
Coal charged into retort, 150 pounds. 
Total gas made, 576 feet. 
Gas made per pound coal, 3.84 feet. 
Candle feet obtained, 52.76. 


Pounds. |Per cent. 





Weight of gas (spec. grav., est., 500) ..........000 seecencersscsencssessseeces 22.15 14.77 
, COKE .......sccsescncsvnceccccscecnssscnsceenonces sevens cessescesessoneess 86.50 wedi 

‘ CAD cc ccececccncsscessescescosseeees Laeene senses cceacncceecsscserscosseees . 3. 
“ HQUOF .......cececscesccenscercececes ee ceveeccecvceseccescencescscnsnenes 9.00 6.00 
$6 1086 ....ccsesencececccseee coacscesenscnenscvssccsnssnens sasees senses nansnnnen 27.85 18.23 
Total........ccccccccsccscccccerccccscceccsccscseccssese sence cssacesssess tenes: 150.00 100.00 


Test number IT.—Hocking Valley coal, from the great vein, or No. 6 seam: 
Coal charged into retort, 150 pounds. 
Total gas made, 609 feet. 
Gas made per pound coal, 4.00 feet. 
Candle feet obtained, 56.84. 
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Weight of as | sata grav., est., oat aan sale votes can ye Ie 


PSPC CCPC CT CTS ee PSS FSS Ee FSR EE CREE 
“ a OF FPS ee TZ 
> liquor ttt eee PCC eT) a Ft itches ne 
* lost.. cece eee SSCS CESSES DE ee PERT PRTC EEEnnn 


Total tht htt cee denne sense rt nn san. ECT IST eTT 


Test number IIL,—Pittsburgh coal, from mines along Pan H 
Coal charged into retort, 150 pounds. 
Total gas made, 649 feet. 
Gas made per pound coal, 4,33 feet, 
Candle feet obtained, 69.28. 





Weight of gas (spec, grav., est., 500)........00+. ne SE re ten 
e co e . thea et chee ee Pe Fee ee 


- hoe eee 
u tar “...u.n..... EEEETEITISTEEIETEEEST TE ERE SS EL EEE EI ee 
= [100 sis iikacsdebcucenseh vent O85 eee ee EeT Pe eT 
“ lost 


a EEE anne PETE ETELTELEHTITEEELIT III EEE} EITTTIT 


Total DES ET EIN Ee Te ee IE LI ICE 


Test number IV.—Pomeroy coal, from Pittsburgh seam, Ar 
Coke equal to Pittsburgh : 
Coal charged into retort, 150 pounds, 
Total gas made, 669 feet. 
Gas made per pound coal, 4,46 feet. 
Candle feet obtained, 75.82. 





Weight of Bas | (apec. grav., est., 500). euer enansansarer sopaeeunnes| 


Cec F CFP OTT ee FSGS 08 CASE CE EE FEES eR ees ed 

ii 
er FPP PE ee CT ZI ebb eee a 

ic we 

liquor .. OPO EEE ETEET TESTSEITE EI EEE ETUI EISEN 

id 
seeeae FOOSE EO EE EE DES eeren 
1 
Total En u a a een sunaandane ...n.............. Peer 


Test number V.—Hocking Valley coal, from the BER 
Coal charged into retort, 150 pounds. = 
Total gas made, 598 feet. ru 
Gas made per pound coal, 3,98} feet. = 
Candle feet obtained, 51.80. 
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Pounds. |Per cent. 


23.00 15.83 

89.00 69.83 
8.50 2.83 
9.50 6 34 

25.00 16.67 


150.00, 100.00 


Test number VI.—Pomeroy coal, from Pitwaburgh seam, Antiquity, Ohio: 


Coal charged into retort, 150 pounds. 
Total gas made, 651 feet. 

Gas made per pound coal, 4.84 feet. 
Candle feet obtained, 76.95. 


Pounds. |Per cent. 


25.04 16.69 
102.00 68.00 
3.00 2.00 
10.00 6.67 
9 96 6.64 


Test number VII. —Hocking Valley coal, from the great vein, or No. 6 seam: 


Coal charged into retort, 200 pounds. 
Total gas made, 799 feet. 

Gas made per pound coal, 8.99 feet. 
Candle feet obtained, 59.85. 


SOSSHSOSSHEEHE CHOSHER SHSHSHSHCSEHSH FBVOHKRSS REHHSSHCSTSHSHESHORCHTSESE GAAKOOHEROCBOGE< 


— 








Pounds. !Per cent. 


31. 15.50 

122, 61. 
4.50 2.25 
18. 9 
24.50 12.25 





Test number VITI.—Cannel coal, from Flint Ridge : 
Coal charged into re’orts, 200 pounds. 
Total gas made, 900 feet. 
Gas made per pound coal, 4.50 feet. 
Candle feet obtained, 108. 
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Weight of gas (epec. grar., OBb., BO)... 


ble BEE PS et Cr ed ae 


or 
r PPE E CC PS PSSST ae PSE EE eee 
is liqu 
q OF SEPP C CATE CES HK T TTC PSE Pa FT Lee! Pe 
Ki - k 
os CT TE PT Th Pe eee 
Total SSeS ST PPPS PT Ee CT Te Pee eS 


Test number IX.—Kanawha cannel, from Cabin Creek, W. 
Charged coal into retorts, 200 pounds. 
Total gas made, 1,000 feet, 
Gas made per pound coal, 5 feet. 
Candle feet obtained, 94.50. 





Weight ot gus (spec. grar., C8t., GOO)....ccssisssessstsnnsonseedniasens none 


6 nn En nn nn nn Fan 
” tar 
SPREE RRS ESTEE CPSP SHEER SEES EEE HE CHESTS EEE FERRE ee 
173 1 
nor PPPS SPSS TTS PP Te Pe 
l CP ee ee ee ee BEER 


Total GE PPP EP Pe nn. he 


Test number X.—Hocking Valley coal, mostly cannel, from t 
seam : j 
Coal charged into retorts, 200 pounds. 
Lime put in boxes, 80 pounds. 
Total gas made, 840 feet. 
(Gas made per pound coal, 4.2 feet. 
Candle feet obtained, 73.50. 





Weight ot as (spec. grav., est., 500) ......sscscensenens cstuesneneenananenns 


Be CTE eT .........i 

Ki 
er SPREE PES PP CRE PC Ee Uen ae 

ce 
liquor... Ce scedhbaen Chen Sh eet Ramen ens 


Increase i in weight of lime... vr FES ee alll Real bedded 
SSP SSR ETH PKs DRT FHR Le FHS PSP PRPS EEL PPP Pr BEPDPPLETETETTELTT LETTER 
Es u 


Total. so..... POOP NRT CP TE I EEE SIE EEE rn ................. 
. a 
= 





Test number XL—Pittsburgh coal, from Rend’s m ines: = 
Coal charged into retorts, 200 pounds. A 
Total gas made, 1,000 feet. 

Gas made per pound coal, 5 feet, 
Candle feet obtained, 75. 


~~ ae 








Mure 
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Pounds.’ |Per cent. 
Weight of gas | (spec. grav., e8t., 500).........cc.sccrecccecscce sescewee sooces 89. 19.50 
ve cees cascee ceccecncecececcese resecccus seccecee evcccctscconcvscesees| 128. 61.50 

“ core cence cer ccecccees ses ceccertuccecccces cecececescocccosescoceseceesccess 18. 6.5 

“ liquor ......20scosnsemsnonnsonnnenssnnanusnsnesnnsnenannnanunsunenesnunnn 19 9.5 

OBt.....0 secs ceccccccccce ceccceccsess seccescecccsccversceseecaccceceosccoors 6 3. 

Total .......0.ccesccccscccccccsccecssccccscccsccvcccccccvcrcecsccseveccee sees 200.00 100.00 


Test number XIL.—\Youghiogheny gas coal, Shaner mines, retort leaked : 
Coal charged into retorts, 200 pounds. 
Total gas made, 920 feet. 
Gas made per pound coal, 4.60 feet. 
Candle feet obtained, 78.25. 








Pounds. |Per cent. 
Weight of ‚epee. grav., e8t., BOD).......cccccccccecscccesccerscersesesces 37. 18.50 
L; ok nuvnesacecouessseecceees sensscasscecseccesesecscocesees sessees eaese 188. 69.00 
“ fore evecccces cessseccesccccecssccsces oe cecsee cessessersccoees be sevens neuen 5.50 2.75 
“ ligquor ...... sescccsecscsccccceccrcccccccccccscscvecccson secesecscosececes 12.00 6.00 
© TOBE... .ccecercsccssccccsces anannanannnsannannannnnsnsunn cosssescoens bevencees 7.50 8.75 
Total .......sccoccscccsccscccsccscsscocccsescsceasecessonesccsces secsssssccssees 200.00 100.00 
Test number XITI.—Youghiogheny gas coal, from Shaner mines: 
Coal charged into retorts, 200 pounds. 
Total gas made, 1,042 feet. 
Gas made per pound coal, 5.21 feet. . 
Candle feet obtained, 86.57. 
Pounds. |Per cent. 
Weight of gas „epee. grav., C8t., BOO) zersoncasssonsnnenonnnenssunenonnenenne 40. 20 
Snasanusnaunsnnnsnnsunnnnsn snnnnnanssnsnssonensnssonsnnssnnsne namen 188. 67.50 
ore esteer sonenssannnannnnnnnunsnnrunasnansensnsensusnnnenssnsnsnnunensnnenn . 4.75 
“ Hquor .......ccesccessossceces scenes vovcccenescesreccecsecos sonsnsenrnnens 14. 
$6 JOBE cevcccccscsscceces sosccscssccccscseneves bessceencacs vensnessenannssnnrene 1.50 16 
Total ........0.sccesce scoccsssccscccccsccnsses cesses scnsesces soscoeceeses wees] 200.00 100.00 


Test number XIV.—Hocking cannel coal, from upper member of No. 6 vein: 
Coal charged into retorta, 200 pounds. 
Total gas made, 856 feet. 
Gas made per pound coal, 4.28 feet. 
Candle feet obtained, 81.82. 
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Pounds. \Per cent, 


t 





Weight of gas, (epee. grav., est., 500) .........sccsccecere PIRFOUERFRRRRPERRR 109 les 
a aR nN EY 430 

“ liquor .......c00s0e cevceccceccccsccceccccerscsccvceceessccescsscce sees 20. 10 
$4 LOBE ereassunensnnennnnnsnnenmrarsnonsnnnnennnansansannenen seeee gece ccecenee. 19.08 954 
Total .......c0sssccocarccccecsccccccesccecsccrccscsscesenccecsssesescsoes sesees 200.00 100.00 


Test number XV.—Kanawha cannel coal, from Kanawha Valley (Cabin creek): 
Weighs per bushel, 72 pounds. 
Coal charged into retorts, 250 pounds. 
Time carbonizing, 5,00 hours. 
Produced Ist hour, 350 cubic feet. Candle power jet, 40. 


2nd cc 381 cc “ “. 24. 
3d «6 281 “ “ “ 16. 
4th “6 248 6é cc “6 12. 
Bth “ 70 fj & «“ 7 
Yield of gas per pound of coal, 5.12 cubic feet. 


Candle power (Bunson), 18.70; candle feet, 95.74 per pound. 
Weight of coke, 163 lbs. 

Coke, 3.75 bus. 

Tar made, 3.50 galls. Breeze, .30 bus. 

Inlet of condenser, 64°. Am’! liquor (5.50°), 1.50 gals. 
Outlet of condenser, 62°. Atmosphere, 60°. 

Scrubber, 62°. Barometer, 80.40°, 

Meter, 62°. 


REMARKS. 


Coke, produced per ton coal, carbonized, 3860 bushels. 


Breeze, 6c 6 és 6. 70 “6 

Tar, “ “ “ 81.36 galls. 

Ammoniacal liquor, produced per ton coal, carbonized, 13.44 galls. 
Coke,. “ “ 1,590 Ibe. 

Gas, “ co co 11,468 cubic feet. 


Test number X V1.— Hocking cannel coal, from upper member, No. 6 vein: 
Coal charged into retorts, 200 pounds. 
Total gas made, 917 feet. 

Gas made per pound coal, 4.586 feet. 
Candle feet obtained, 87.115, 
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Pounds. |Per cent. 








Weight of gas (spec. grav., est., 500) .......cccecsevcsceccccccsscsceeccvecs 17.68 
f wae | secccees 6 eavecccessees  caeettessscees stesesccssese sescesseeceaces 57. 
“ TOF oc. ccccccccccccccccccccsrccscecccccecccerscccscecencavccccessoesecccsces 5.50 
“ liquor ......000 sorssmnssnonenasnnnnunnnenansensannensonsnnsannenannennnrn 10. 
$6 LORE... ccccccccccvccccscccesccecescsevecesscceceneresccsescocecceussesecssoeess 9.87 
Total ...ccccsesecsocccocessescsscesscsesoeseasssesecs cesses senscececaescnssecee: 100.00 





To show that the quantity of volatile combustible matter a coal 
contains does not indicate the quantity of permanent gas present, I 
append a table from the Ohio Report of 1870. The analyses were made 
by Prof. Wormley : 


Volatile combustible Fixed gas—cubic feet 
matter. per pound. 
27. 1Deseonsssesonnunsenunsunsssunssnsnannnnnsnansonen nennen 8.82 

Mdeesssssousesnnsese sennnnennonsennsnennnnnunennensnne 8.44 

DO ....cceee caccrcsccsscss scenes scnscncsccnces sonseeses 8.36 
2D.10.....scccccsccscecessrscnscsssecscsvesssecescascseoes 8.12 - 
29.20. .cescaccsccsccccccsscecsecsecssscscccsccesscossseeees 8.11 
BO.70....cssceccseresccescseescesceccesse senses cesses sees. 8.51 
BGO... .ccsceccccesees sccesecsseeece sesso conecseoeees 8.54 
88.20 ..cascccceccscscsccncscees see nnansonsnnssnunennane 8.42 
BG.75. cesses seccsccoee concancsccscccecee senses sseeerens 8.16 
B7.20...cacese scones conse sonsunnonnansnununsannennan nenn 8.12 
BB.00....cscsescraccsvcessccssnscccccsccoeesconcescesencaes 8.65 
BB.80.....cccsccsccccsece sccsscccessccesrsasensseesssenss 8.03 
BB.BO....cccecccccseccscceens ansunnenesnnnenunonnannnsnnnn 3.16 
BO.QB...cecceescces coscrscsscrsrsscsvenseccecs arnansnnnen 8.85 


The Waterloo, or number 7 coal, gives the best analysis for the 
average of vein of any coal found in Wormley’s reports. 

This coal has not been tried in a gas-works, at least not from the 
fine field in Lawrence county. All things considered, the coal from 
Antiquity, near Pomeroy, Meigs county, number 8, or Pittsburgh seam, 
is the best for gas making of any that has yet been tried in the State. 
Fair yield, high illuminating power, easily purified and producing a 
good coke, these facts put this at the head of the list of Ohio gas coals. 

A very general and superficial description of a gas-works plant will 
probably suffice for this volume. There has been no very marked . 
change in apparatus used in gas-works during the last quarter of a cen- 
tury. The generating apparatus consists of retorts, now made of best 
fire-clay, formerly made of cast-iron. The retorts are usually about. 
nine feet long by 14x24 inches inside measure, and generally (> (semi- 
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oval) shaped, though oval shapes are frequently used. The retorts are 
set in “ benches” of three to eight retorts to a bench, three to five in 
small works and six to eight in larger works. The benches consist of 
brick arches or ovens, made large enough to contain the number of 
retorts desired to be ysed. Furnaces are built in the arches under the 
retorts. Dimensions of furnace are usually about 14 inches wide by 
three to four feet long and two feet deep. The retorts are closed at one 
end by being made solid. To the other end is attached a cast-irun 


.“mouth-piece,” and is closed by a cast or wrought iron lid, the mouth- 
‘piece having a circular opening of 4 inches to 8 inches, into which the 


ascension or stand-pipe is placed, which runs up in front of, and above 
the benches and by return bends passes down into the hydraulic main, 
The hydraulic main is usually made of cast-iron, © shaped, and is 
filled with water to a point above the center line. The “ dip-pipe” which 
isa continuation of the ascension pipe, dips down into the liquid in 
hydraulic main oae-half to an inch in depth. A fire being made in the 
furnace, the retorts are heated up to 1500° or 2000° Fahr. Coal is 
thrown into the retorts and the lids luted on. Gas is immediately dis- 
engaged from the coal, passes out of the retorts up the ascension pipe, 
down the dip-pipes, bubbles through the water of the hydraulic main, 
and passes off by a pipe leading from the hydraulic main to condensers, 
scrubbers, purifiers, station meter, and ‘on into the gas holder, where it 
is stored for use. To the hydraulic main is attached an overflow for the 
discharge of the tar and water generated from the coal. The scrubbers 
are large iron vessels filled with boards, boulders, coke, twigs of trees, 
or other scrubbing material, which arrests the tar and soot and other 
condensable matter and at least a portion of the scrubber or scrubbers 
will have water running through to absorb the ammonia. The con- 
densers are a series of iron pipes surrounded by air or water or large 
vessels made similar to tubular boilers, air or water circulating throug! 
them, but kept from the gas by the divisions in the vessel. The cn- 
densers are expected to cool the gas down to a temperature ranging from 
50° to 70° Fahr. The purifiers are large iron boxes filled with lime or 
some form of oxide of iron, through which gas is forced to percolate, and 
into which the impurities of the gas, sulphur and carbonic acid are 
deposited. The station meter registers the purified gas, which is then 
passed on to the holder for storage. 

The gas-holder is made of light rolled iron, properly supported i2- 
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side by angle and T iron and tie rods. The holder is simply a large 
tub or vessel, turned mouth down, and resting in the water of a large 
tank. The gas is conveyed from the station meter in pipes in under the 
tank and up through the water, and escapes above the surface of the 
water, but under the tub or holder, the pressure of the gas raising the 
holder, which is kept perpendicular by guide columns. Another pipe 
will lead from the inside of this holder to the streets and to the buildings 
to be lighted with gas; the weight of the holder giving the pressure 
necessary to force the gas to the burners of the consumer. 

Many pieces of intricate machinery, such as exhausters, governors, 
pressure and vacuum gauges and pressure registers, etc., are left 
undescribed. . 

They are valuable and indispensable adjuncts to the economical 
manufacture of gas, but gas can be and is generated, purified, stored and 
distributed without their aid. The more notable improvements of the 
last few years, however, are the general substitution (not recent) of 
the clay for iron retort, enabling the. manufacturer to run much higher 
heats ; the various plans for dispensing with the dip or seal of hydraulic 
main; improved forms of washers and scrubbers ; the general adoption 
of the iron processes for removing sulphur, instead of using lime; the 
general use of the exhauster to pump the gas from the retorts, and force 
it through the varied apparatus and into the holder. In some of the 
larger works, machinery operated by steam is used for drawing and 
charging retorts, instead of doing this work by hand. The adoption of 
these generative furnaces, by which the retorts are heated with gaseous 
fuel, is perhaps the most important improvement of recent years to gas 
manufacture. In the furnace described on a preceding page, coke is the 
fuel used, the coke being thrown into the furnace with shovels from the 
floor of the retort house. - 

There are several forms of the generative furnaces, and they are 
placed in various positions, but generally they are built in a basement 
sonstructed under the floor of retort house. The furnaces are made 
three to four feet long, twelve to twenty-four inches wide, and three to 
ix feet deep. The hot coke is drawn from the retorts and descends into 
he furnace through a chute, which can be closed up air-tight. Suffi- 
‘ient air is admitted through the grate bars to consume the coke to 
:arbonic oxide, which issues through the hot space above the coke up to 
he bottom of the retorts, a distance from three to six feet. Below the 
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bottom of the retorts the gas is mixed with air, heated either by the 
waste heat of the escape flues, or by having been kept in contact with 
the hot walls of the furnace and benches. Only sufficient air : 
admitted, as near as can be ascertained, to give the carbonic oxide mı 
another equivalent of oxygen burning it to carbonic acid, produeing x 
intense heat and almost doubling the generative capacity of the bene: 
of retorts. With the old style of furnaces, a retort of the size her 
described, will generate from good coal 5,000 to 7,000 feet of gain 
twenty-four hours. With the generative furnaces the same retort wil 
make from 9,000 to 12,000 feet of gas in the same number of honr. 

In the retort house the gas manufacturer has three enemies to cor- 
tend with, viz., stopped stand-pipes, carbon in retorts, and clinkersi 
the furnace. 

The introduction of the generative furnace will rid him of th 
last mentioned trouble, but in doing so doubles the difficulty with th 
first, and adds to his tribulations by the second. It is generally believe 
that high heats are almost entirely the cause of the stoppage in stant 
pipes, and the difficulty is created by the rapid generation of the volatie 
matter, both gaseous and liquid, and the rush of the vapor become i 
great for the capacity of the stand-pipe. We give it as our opinion tx: 
less tar passes through the ascension pipe in a given time ina ren 
heated to 2150° Fahr. than from one heated up to only 1500” :: 
1800 Fahr.; that it is not tar that chokes up the stand-pipes, but 1 
carbon; that the coal to be used must be experimented with to ascerw: 
the best temperature at which to work that particular coal ; and tha: 
is possible not only to make rich gas at high temperatures, but that, ı: 
to a point at which the compounds composing coal tar are decompr. 
but below the point at which free carbon is deposited the quality is mr 
proved. However, something more efficient than the stoker’s eye 0-5 
be made use of to determine the degree of heat carried in the beit. 
before gas men will be able to determine the proper degree of heat in 
distillation of any particular gas coal. 

The manufacture of gas for illumination being strictly a chemi 
manipulation, it may be of interest to briefly describe some ef “1 
chemical changes that occur in the apparatue of a gas plant from: 
time the coal is introduced into the retort until the purified gas is stor’ 
in the holder. 

The coal is charged into the retorts, when those vessels are hested 
up to a temperature of not less than 1500° Fahr. and usually irs 
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1800° to 2100° Fahr. The time the coal remains in the retort differs 
somewhat with the ideas of different engineers, and different character 
of coals. But itis the American practice usually to leave coal in the 
retorts four hours. 

The volatile matter is driven off about as follows: 


During first hour, 35 per cent. 

. second hour, 30 per cent. 

“ third “ © « 

“ fourth “ 1 “* 

Most of the water is driven off during the first half-hour, and most 
of the tar during the first two hours. Whether the compounds of which 
the tar is composed are nearly all driven off during 1st and 2nd hour, or 
whether they continue to be evolved to near the end of the charge, but by 
reason of the higher temperature of the surrounding mass they are decom- 
posed, and the carbon of the tar deposited as coke, soot and graphitic car- 
bon, is a question that perhaps cannot be easily determined. At any rate 
the volatile matter passing out of the retort is composed of tar (in itself 
containing almost innumerable compounds), ammoniacal liquor of about 
4 oz. strength, olefiant gas, light carburetted hydrogen, free hydrogen 
and in smaller volumes carbonic oxide, carbonic acid, sulphuretted 
hydrogen, oxygen and nitrogen. After the gas has left the retort, there 
are perhaps few chemical changes occur in passing through washers and 
scrubbers, until the purifiers are reached. Some depositions occur from 
change of temperature and change of velocity in the gas while passing 
through condensers, washers and scrubbers, and some chemical chang 
occur by the contact of free ammonia with sulphuretted hydrogen au. 
carbonic acid, the result being the formation of the sulphate and car- 
bonate of ammonia ; both salts being soluble in water, are washed out in 
the washer or scrubber. Much stress is laid on the union of the two 
impurities named, by many gas engineers, more perhaps than the facts 
of the case warrant. There are usually four purifying boxes in a gas- 
works; three are in constant use, and one off for cleaning or for changing 
material. 

It is the custom to pass gas through the three boxes at work until 
a test of the gas shows impurities passing the second box, when change 
is then made and the foulest or first box is thrown out of use. The 
second box becoming the first, the third the second, and the newly 
cleaned box becoming the third. If lime is used as the purifying agent, 
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it will be found on removing the cover from the foul box, that the fre — 
ammonia (especially if the lime used has been made very wet), wi! 
almost stifle the workmen, and yet the sulphuretted hydrogen and 
carbonic acid had been freely and profusely passing through that br. 
Their affinity for ammonia is apparently not: great, and their union eas: 
divorced. With lime as the purifying agent, the sulphuretted hydroys 
is arrested and sulphide of calcium is formed; the carbonie acid : | 
arrested, and carbonate of lime is formed. Bi-sulphide of carbon i: 
supposed to be arrested by the sulphide of calcium. However, 
the almost intolerable stench of spent lime when used to arrest :ul- 
phur, and the first cost of lime, and the extra cost of labor in manipulat- 
ing, have caused a general substitution of some of the forms of oxide cf 
iron for removing sulphuretted hydrogen, which is really the most obj«- 
tionable impurity that the gas manufacturer has to contend with. In 
most works lime is still used in a limited way to arrest carbonic acid, 
and in some the boxes are arranged so as to cause the gas first to pa: 
through lime, then through oxide of iron. The chemical changes ar | 
supposed to be about as follows: The sulphuretted hydrogen is arrested 
in the lime boxes and soon fouls all three, if that is the number wed. 
The first box arrests the carbonic acid, forming carbonate of lime, and ti: 
affinity of the lime being greater for carbonic acid than for sulpburette 
hydrogen the latter is driven out of the first box into the second, after 
the saturation of the first box with carbonic acid, then that impuris — 
attacks the second and drives the sulphur on the third, and from that 
on to the oxide of iron boxes. The advantage claimed for this system 
oxer passing gas through the iron first, is, that the lime fouled with 
sulphuretted hydrogen breaks up the bi-sulphide of carbon, which + 
not arrested when the process is reversed. In the oxide boxes there ar 
no important chemical changes other than the decomposition of sulphr- 
retted hydrogen and the formation of sulphide of iron. When the second 
box of a plant of four boxes of oxide begins to show traces of sulphi- 
retted hydrogen passing, the foulest box is thrown out of the system ani 
a clean one brought into use. On removing the cover of the oxide box 
the material is found to be quite black, and to heat rapidly on exposar 
to the atmosphere, and in some instances, when improperly treated, it 
has been known to ignite. 

The heat is produced by the decomposition of the sulphide, ti 
deposition of the sulphur, and the reoxidation of the iron. The col:: 
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of the oxide generally changes during revivification from black to red 
or brown. After exposure for twenty-four or thirty-six hours, or until 
the material has assumed its natural color, the oxide is again ready for 
use, and this process may be’repeated over and over until the deposited 
sulphur will equal 40 to 50 per cent. of the bulk. No unpleasant smells 
are given off in manipulating the iron process, no sulphuretted hydrogen 
escapes when the material is exposed. There are several salts of 
ammonia and some of iron formed during the process, not here men- 


tioned, they being of no particular interest to either the public or the — 


gas manufacturer. . 

There are numerous inventions in use for the manufacture of gas 
from materials other than coal, as well as for using coal, only in part, 
the most prominent being that for the manufacture of “water-gas;” 
carbonic oxide and hydrogen being generated by the decomposition of 
steam, and this gas enriched by the use of the lighter oils obtained in 
refining petroleum. | 

But, as these works are not users of gas coal, and as it is not believed 
that any of these processes will materially affect the gas coal industry, 
they will not be further discussed here. | 

Some authors, in discussing the question of inferior gas made at or 
near the end of the charge, or when coal is nearly or quite coked, 
attribute the large per cent. of carbonic oxide that is then passed off 
with the gas, to vegetable (mineral) charcoal found in some coals. Others 
attribute it to leaky retorts with undue exhaustion, thereby drawing in the 
carbonic oxide from the furnace, the carbonic oxide resulting from the 
imperfect combustion in the furnace. 

Both these positions seem untenable to the writer. With reference 
to the first, the vegetable charcoal cannot of itself give off carbonic 
oxide, and owing to the fact that all the water of the coal has passed 
off during the earlier stages of the distillation, there is less oxygen 
present to combine with the charcoal at the end of the charge than at 
the beginning. And if oxygen is present, vegetable charcoal is not 
necessary to the formation of carbonic oxide when an excess of carbon 
in form of coke is present. With reference to the second proposition, 
over-exhaustion does not occur any more at the end of a charge, 
particularly in large works, where fresh charges are being constantly 
introduced, than occurs at the beginning of the charge. 

If, however, over-exhaustion did ocenr, and the furnace gases were 
drawn into the retort, it does not follow that because carbonic oxide is 
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found in the retort, that there was necessarily imperfect. combustion in 
the furnace. The largest per cent. of the gas drawn in must be nitrogen, 
and if combustion in the furnace is perfect, the carbonic acid ‘drawn into 
the retort and intermingling with the red hot coke would be mostly 
broken up into carbonic oxide. It is more probable that the carbonic 
oxide results from the reduction, or partial reduction of the metallic 
oxides of the ash, the highly heated condition of the coke at the ead 
of the charge fayoring such reduction. 

The iron pyrites of the coal would be oxydized during the earlier 
stages of the decomposition by the water of the coal and by oxygen from 
other sources of the coal, sulphur escaping as sulphuretted hydrogen, 
and the iron becoming an anhydrous sesquioxide. During the last stages 
of the decomposition, the oxide of iron is reduced, possibly to the 
metallic state, but probably only to a protoxide, the oxygen forming 
first carbonic acid, which by contact with the highly heated coke is 
broken up into two volumes of carbonic oxide. 

The carbonic acid of the lime in the ash is given off very slowly 
and mostly near the end of the charge, and it also is converted into car- 
bonic oxide. The conditions near the end of the charge are favorable 
for the reduction of all the oxides of the ash. The various metals of the 
ash are not found reduced in the coke, from the simple fact that they 
are reoxydized when they are exposed to the atmosphere in being drawn 
from the retort. The principal oxides of the ash are silica and alumina. 
Whether the heat attained in a gas retort is sufficiently high to reduce 
these oxides with carbon is a little doubtful, though in the case of 
silica, not wholly improbable. 

By the use of coal for manufacturing gas, valuable residuals are 
obtained. It would probably be nearer the truth to say that residuals 
are obtained, from which valuable compounds may be Uistilled or ex- 
tracted. The most valuable of residuals is coke. Next in value comes 
coal tar, and lastly ammoniacal liquor. 

The character and quantity of coke to be derived from coal, as 
before stated, enters largely into the question of its value to gas 
manufacturers. 

There was probably not less than 135,000, and possibly 165,00 
tons gas coke manufactured in the State of Ohio last year. Of this 
large quantity about one-half was used in the works, the remaining 
half being sold for use in cupolas, malt and green-houses, bakeries, 
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laundries, and for heating residences and places of business ; the harder 
grades being usually crushed, and the more porous and lighter grades 
used as they come from the gas retorts. 

The Ohio coals produce about:60 per cent. in coke of the weight 
of the coal charged. The best Youghiogheny and Kanawha coals pro- 
duce from 65 to 72 per cent. of the weight of coal charged in retorts. 

A simple analysis cannot determine the value of coal for gas 
purposes ; for, as is shown in the instances referred to, the coal that sends 
off the largest volume of gas leaves behind in the retort the heaviest 
weight and best character of coke. ‚ 

For many purposes gas coke, when cost and heat producing power 
are considered, is the most desirable fuel that can be obtained. It is 
light, weighing from 33 te 40 pounds to the bushel. Clean and free 
from the dust and smoke of our soft coals, and unlike oven coke, it does 
not require excessive draft to produce proper and rapid combustion. 
Containing nearly double the quantity of ash that coal contains, theor- 
etically it should be inferior to coal. But when we consider that the 
volatile portion of coal, as the coal is burnt in the ordinary stove and 
grate, often furnishes but little more than enough heat for its own 
expulsion, and in fact carries off by expansion more units of heat than 
it produces, the value of gas coke as domestic fuel is then fully realized. 
While tar ranks second in value, when disposed of in the crude state, 
it is possible to. extract from the tar of a ton of coal, compounds ofa 
value far in excess of all other products—gas, coke and ammoniacal 
liquor. 

The quality of coal tar is largely influenced by the temperature of 
the retort in which the coal is charged. A large volume might be writ- 
ten on coal tar and its compounds, but in this work it will only be 
possible to give a very general description of its characteristics and 
products obtained by its distillation. It is doubtful if it is possible for 
an analysis to be made of coal tar that will show the combination of 
the elements of which it is composed, as it flowe from the retorts. An 
ultimate analysis would show chiefly carbon and hydrogen, yet the 
various compounds of these elements cannot be ascertained, as the very 
act of analysis itself destroys and changes their character. About one 
hundred and twenty different compounds are named as being found in 
tar. Coal distilled at a low temperature gives off tar in abundance, 
and the tar is rich in hydrocarbons of the paraffine series. But if the 
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retorts are highly heated the richer hydrocarbons, if formed at all, are 
broken up in the retort, some of the carbon taking the form of pitch, 
coke or graphite, and the hydrogen with a portion of the carbon, 
escaping in a gaseous state, probably as marsh gas. It is also quite 
probable that the tendency to break up the paraffine series is much 
greater under pressure than when freé to escape as soon as generated, 
or when generated free from any pressure. 

The quantity of tar to be derived from a ton of coal in gas-works 
varies largely, not only with the heats of the retorts, but much more 
with the character of coal. The Ohio coals, so far as we have been 
able to ascertain, give five to seven per cent.; best Youghiogheny, 2} 
to 5 per cent., while some grades of Boghead cannel have yielded 
nearly 33 per cent. of tar, and the Leshmahago cannel, 20 to 25 per 
cent. 

From coal tar is distilled benzole, creosote, naphtha, carbolic acid, 
anthracene, analine, alizarine, and numerous other products of great 
value in the mechanic arts and sciences. The last named compound, 
alizarine, or as it is sometimes called, artificial madder, was not known 
to be a constituent of coal tar until about 1869. At that time it would 
sell for $100 per ton. In two years time the demand had so increased 
that it was worth $2,500.00 per ton. j 

In 1879 it was estimated by competent authority that the aniline 
and alizarine dyes were manufactured from coal tar to the value of 
nearly $16,000,000.00, but none of it made in this country. And even 
at this late day the gas manufacturers of Ohio are, so far as the writer 
has been able to ascertain, making little or no effort to profit by the 
experience of their European confreres. It is doubtful if more than 
$60,000 to $75,000 is obtained per annum for all the gas tar made in 
the State, while at an expenditure of not to exceed $50,000 for plant, it 
is estimated by George Shepherd Page, of New York City (probably the 
-ablest authority in this country on this subject), more than twice the 
profits might be had from the tar, and that without attempting to 
manufacture any of the more costly dyes. 

In a paper read before the American Association of Gas Engineers, 
in October, 1880, Mr. Page gives an estimate of the comparatively erude 
products that may be obtained from the tar of 265,000 tons coal. The 
quantity of coal is so nearly the estimate of the quantity used per annum 
in the gas-works of the State that it is here presented : 
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2,400,000 gallons pitch. "1,000,000 gallons creosote oil. 
20,000 “  benzole. 20,000 “naphtha. 
20,000 “ biIk. varnish. 22,500 “ earbolic acid. 

3,333 “  earbolic acid crystals. 20,000 “ = anthracine. 
6,667 “ oil mybane. 2,777 ‘“ creosote. 
150,000 “ for use in tar-felting. 


The total value of the product is put at $367,500.00, of which 
$200,000.00 is of the coarser products, and $167,500 00 of the finer 
products. — 

The ammoniacal liquor of gas-works is produced by the distillation 
of coal in the heated retorts. A portion of it flows off as water from 
the overflow of the hydraulic main. This is seldom above what is 
called 4-oz. liquor, and frequently the strength is not more than 2-oz. 
The more valuable liquor is secured hy washing or scrubbing, the water 
absorbing the gaseous forms of ammonia. By the use of properly con- 
structed washers, it is easily enough to secure 16-oz. liquor. The 
strength may be increased up to 24-oz. without double washing or intro- 
ducing the same water the second time. The total yield of ammonia 
varies greatly with the character of coal used, as will be observed by | 
reference to tables given in preceding pages. Cannel coals are generally 
poor producers of ammonia. Some, in fact, are almost worthless to the 
distillers of ammoniacal liquor. 

George Linge, Ph.D., F.C.S., in his treatise on distillation of 
coal tar, presents the following table, showing the possible per centage 
of gas ligor to be obtained from a ton of coal. 

The estimate is based on the per centage of nitrogen in the coal, 
and assumes that all the nitrogen should combine with hydrogen to form 
ammonia: | 





Per centage of Possible yield | Possible yield of 


Origin of the coal. : of N. H., 8 per | gallons am. liquor 
nitrogen. cent. ae Twa. per ton coal. 
Wale .........0sossonsonnense cosees 0.91 1.10 142 
Lenecashire ..........ccccsccesssveeee 1.25 1.52 196 
Newcastle ........ssececccesscecees 1.32 1.60 206 
Scotland ...........esoessnersrenncne 1.44 1.75 226 


“Instead of this possible yield, rarely more than forty-five gallons 
of gas liquor of 4° Twaddle are obtained per ton of coal, usually only 25, 
and in London only thirteen gallons.” 
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Ammonia is said to be present in gas liquor in the following forms: 
Free ammonia, ammonia carbonates, ammonium sulphide, sulpho- 
cyanide, acetates, chloride, sulphate, thiasulphate, and in other combina- 
tions in less quantity. The value of gas liquor is usually ascertained by 
the use of the hydrometer, each degree of Twaddle’s hydrometer indicat- 
ing two-ounce liquor. This system of estimating the value has been 
shown to be incorrect, as free ammonia will Jower the density of water 
and the compounds increase the density in different degrees. 

More attention has been given to the distillation of gas liquor by 
gas companies in this country than has been given to the distillation of 
their tar, and probably not one gas-works in twenty in the United 
States, certainly not in Ohio, derives any revenue from their gas liquor. 

A very few of the companies of the State have sold their liquor 
to sulphate of ammonia manufacturers. The prices in the eastern 
States range from 20c. to 30c. per ton of coal carbonized. Prices do 
not range so high in the West. Probably at the present, with the 
depressed prices that rule for the distiller’s product, not more than 
25c. per ton of coal can be obtained for the gas liquor. But even this 
represents a large sum, say $50,000 to $60,000. But to make it pos- 
sible to work up the production of the gas companies, there would need 
to be a concentration of the liquor at central points in the State. Now 
most of the gas-works produce too small a quantity to justify the erec- 
tion of a plant. 

In England, where fertilizers are in greater demand, and where, it 
is said, the standard of quality is much above the fertilizers manufac- 
tured in this country, almost every gas-works distills its own gas liquor 
and is able to obtain a revenue of 60c. to 75c. per ton of coal carbonized. 

The following table gives the various gases and compounds in coal 
gas, and the per cent. of each by volume: 








Volume. 
Hydrogen .......sooseaszosonnounnuonnunussnnsononnnnnonenannsnuunsanusnonnnunnne senses cescecscnsssces 48.70 
Marsh Qa..........scccesssccsscccce oronnennusnonnunnunesnnuns snnanunus conscsasesseres secsassecoesece 
Oleflant Gas .......cccscsscsscsccccsccceccess sonccsconscececees cosseseecccsccsacscevcsecessesscvcccess 3.45 
Carbonic Oxide .......00ssecscccecsccccscescccccscs seececessecececen seer secetesecsecs seseeescsesecss 7.923 
“ ACIC...... .cccecsccsescvcccece soccesscssoncessececescececece savescestccseceseacesccces sconce 3 
Nitrogen ........cccsscccccocsccvcscacnces cosceescccescececssececeterscececess seccsscsecccessecesecteces 1.00 
OXYgEn ee 43 
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Boutual za 4, 


(crosse Pounte, M 


The value of coal gas as an illuminant is enhanced or diminished 


as the per cent. of olefiant gas is increased or decreased. 


out of consideration : 


1 cubic foot of hydrogen gas will elevate 1° Fahr,, 329 lbs. water. 
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1 
1 
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marsh “ 
olefiant “ 
carb. oxide “ 
common coal “ 
cannel coal “ 
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996 
1,585 
820 
650 
760 


With the generally reduced prices of gas, a very large consumption 
is now being caused by the use of gas cooking stoves and gas engines, 
and in this connection it will be of interest to give the heating power 
of the different gases, as found in the tables compiled by Dr. Letheby, 
leaving the non-combustible gases, nitrogen, oxygen and carbonic acid 


CHAPTER XI. 
THE GLACIAL BOUNDARY IN OHIO. 


By P&orzssor G. FREDERICK WRIGHT. 


The previous volumes of the Ohio State Geological Report have 
made large and interesting additions to glacial geology. No one can 
appreciate more fully than myself the value of the facts collected, and 
of the theories propounded upon the subject by Whittlesey, Newberry, 
Orton, Andrews, Winchell, Gilbert, Read, and others. My work in the 
State is simply supplementary to theirs. In setting forth the facts 
which I have brought to light, it will be in order, first, to present the 
general evidences relied upon to prove the glacial theory, which are: 


1. THE SCRATCHES UPON THE Rocks. 


The action of water in rolling gravel and sand loosely over exposed 
rocks polishes both the gravel and the rocks, but can do no more. In 
the northern part of the United States, however, the freshly: exposed 
surfaces of rock have numerous parallel strie running over them, and con- 
tinuing across hard and soft portions alike. In some places these striz ex- 
tend for many feet, or even yards, and in size vary from the finest markings 
of a needle-point to grooves or furrows ploughed in the rocks, several 
inches in depth. My colleague, Professor A. A. Wright, describes a 
groove, on Kelley’s Island, in hard limestone rock, known to be more 
than two hundred feet long, and from two to six feet deep. 

The general parallelism of this striation demonstrates that it could 
not have been made by icebergs, though, as might be expected, the 
direction of the stris varies greatly in different portions of the country. 
In the eastern part of New England the direction is considerably east 
of south. In the vicinity of the Connecticut and Hudson rivers the direc- 
tion is south, while toward the western end of Lake Erie the strie run west 
of south, though there is a set of strie, even here, running at right angles. 
In general they may be said to radiate from a center situated. near the 
south end of Hudson’s Bay. The larger valleys modified the motion of 
the ice-stream somewhat; but usually the movement was continental, 
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and was undisturbed by ordinary hills, and at its height was not deflected 
in its upper portions even by low ranges of mountains. Upon the sum- 
mits of the Green Mountains, in Vermont, and upun such isolated peaks 
as Monadnock, in New Hampshire, and Mounts Tom and Holyoke, in 
Massachusetts, the direction of the scratches is diagonal to that of the 
adjacent, valleys. The ice-stream. was no more disturbed by such 
obstacles than the moving water of a deep stream is by a pebble. Much 
of the exceptional variation in the direction of the strie is probably 
due to the fact that the earlier strie are erased by the later action of 
the ice. Doubtless the retreat of the ice-front was far from continuous, 
but there were successive oscillations, the ice often regaining ground 
from which it had withdrawn. Evidently, the markings left on the 
rock (except where specially protected), would be those made by the 
very last forward movement; and that naturally would be more in- 
fluenced by local topography than previous movements would be when 
the ice was deeper. In Appendix I, will be found an Abstract of 
Glacial Strie and Grooves in Ohio, prepared for me by Col. Charles 
Whittlesey. The comparative absence of observed strie over a large 
portion of the State arises partly from the great depth of the overlying 
glacial deposit, described in the next section, and partly from the softness 
of certain strata, which, in consequence, do not retain the markings. 


2. GrRounD MoRAINE, OR TILL. 


A second evidence that the southerly movement of ice was glacial 
in its character, and not like that of icebergs, is to be found in the 
existence of a true “ground moraine” all over the northera part of the 
United States. 

The materia] resting upon the striated surface of the rocks in 
that region is not a stratified water deposit, but coarse pebbles and the 
finest clay are indiscriminately packed in one mass. The enclosed 
pebbles also are scratched, the scratches upon them usually running 
parallel with their longest diameter, showing that the dverlying mass 
was shoved along upon the rocks by an unyielding force. The stones 
that did the grooving were themselves striated in the process. This 
ground moraine, or “till,” as it is technically called, closely corresponds 
to what accumulates under present glaciers, and is spread pretty generally 
over the whole glaciated region of America, though it varies greatly in 
depth in different localities. Sometimes the till is heaped up into hills, 
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two or three hundred feet high, as in the vicinity of Boston, and in 
Central New York. In other places, especially in Ohio and other 
western States, it forms a more uniform covering of considerable depth. 
By damming up old water-courses the irregular deposition of till bss 
formed nearly all the smaller lakes of the country. In many cases these 
lakes, as well as the peat-bogs (so abundant over this region), are 
“kettle-holes,” which, as Col. Whittlesey first suggested (see Smithsonian 
reports for 1866), were probably formed by the burial of great masse: of 
ice beneath glacial debris. When in such situations the ice melted, 
depressions would be formed without any outlet. 


3. Tue TERMINAL MORAINE. 


A third evidence of the existence of a glacier in North America, 
continental in its dimensions, is the sharpness and continuousness of the 
southern boundary of glacial phenomena, and the special accumulations 
of glaciated material along portions of this boundary. For a good 
portion of the distance, south of New England and westward to the 
Pennsylvania line, and at frequent intervals from there to Illinois, the 
accumulations at the border of the glaciated area are worthy of the name 
of terminal moraine. This terminal moraine consists of a line of hills 
varying from fifty to three hundred feet high, and composed chiefly oi 
a compact, unstratified mixture of clay, sand, gravel and stristed 
pebbles. Where the movement was over regions favorable to the in- 
corporation of much earthy material, and where the conditions were 
such as to maintain the southern margin of the glacier a long time ats 
given point, large terminal accumulations would naturally result. The 
warm currents of air from the south here met the point of the slowl- 
advancing glacier, and for a long while held it at bay—melting back | 
each summer as much as it had advanced during the winter. Hor 
extensive this terminal accumulation would be depends on a variety of 
causes. It would vary in amount at any particular point directly as th 
length of the period through which the ice rested on or oscillated over 
a given line, and also according to the amount of earthy material in 
that portion of the glacier whose motion terminated at the point. The 
amount of earthy material in the ice is determined by the nature of the | 
rocks over which it was moved, and of the height of mountains pas 
which it was led. | 
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In various ways earthy material becomes incorporated into the ice 
of an advancing glacier. When the ice moves past an exposed pre- 
cipice, fragments of rock fall down upon the ice, and landslides bring 
down from time to time a promiscuous mass of material. It is not 
improbable that the moving ice also breaks off projecting fragments of 
rock, and encloses them to be carried on by it in its onward motion. 
It is certain, also, that stones are picked up by the moving ice from the 
floor of the glacier, and by some process raised to a higher level. The 
ice being more or less plastic, and the stones unyielding, pebbles seem 
to work up in the moving mass as the larger marbles in a basket rise to 
the surface when the whole is shaken; or, since the upper strata of 
glacial ice move faster than the lower (owing to the effect of friction in 
retarding the movement at the bottom), the result is that the upper side 
of the boulder, which is embedded in the ice, is constantly subjected to 
a greater degree of onward pressure than the lower side. The effect of 
this must be to give an upward as well as an onward motion to the 
boulder in the ice. The course of such a boulder would be up a very 
gently inclined plane, the slower moving strata of ice beneath it forming 
the incline, and the more rapidly moving upper strata being the force 
to push it along. Once upon the surface, if the motion were to con- 
tinue long enough, and the front were not too far away, the boulder 
might be transferred to the front, and deposited before the moving 
mass ; and if the glacier were still advancing, it would stand a chance 
to be covered again with ice, and to be incorporated into the moving 
mass to repeat another cycle. But, whatever be the explanation, a great 
deal of earthy material was in and upon ‘the continental ice-sheet, and 
moved with it southward. The effect would be to dump the material 
along the southern terminal line as the supporting ice was melted under 
it; and thus vast piles would accumulate. In many cases it can be 
demonstrated that boulders have been carried upon the back of the 
glacier hundreds of miles. There are hill tops in Western Pennsylvania. 
and Southern Ohio completely covered with large granite boulders 
whose native place is far beyond Lake Erie, in the northern part of 

Upper Canada. . 

So far as I know, Pres. Edward Hitchcock was the first to intimate 
that if the glacial theory were true, the backbone of Cape Cod was 2 
real terminal moraine (see Geol. Report Mass., Postscript); and I 
understand that Prof. Agassiz was accustomed in his lectures to speak 
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of it as such. Prof. Charles H. Hitchcock had also, as early as 1868, 
in an address before the Long Island Historical Society, advanced the 
theory that the line of hills marking the backbone of Long Island isa 
terminal moraine. Early in 1877, in a paper read before the Boston 
Society of Natural History, I was permitted to publish a personal com- 
munication from Clarence King, in which he declared with great con- 
fidence that the accumulations, in the neighborhood of Wood’s Holl, 
and on the Elizabeth Islands, were a true terminal moraine. Mr. 
Warren Upham was the first to go over this whole field from the end 
of Cape Cod to.Brooklyn, for the purpose of verifying the hypothesis. 
The results are publisned in volume III of the New Hampshire 
geological reports, pages 300-305, and in papers read and published in 
the American Journal of Science for August and September, 1879. 
But upon all this the eritieisır could justly be made that the ocean 
was immediately beyond our boundary line, and that the absence of 
glaciation on the bottom of the sea could not be demonstrated. Profs. 
Cook and Smock had, however, a clear field, and in 1878 published the 
results of their investigation in New Jersey, and issued a map correctly 
and accurately showing the terminal moraine, as they prefer to call it, 
across that State. West of New Jersey there had been no continuous and 
accurate investigation of the boundary until 1881, when Prof. Lesley com- 
missioned Prof. H. Carvill Lewis and myself to prosecute the work in 
Pennsylvania. Prof. Lewis and myself worked together in Pennsylvania 
during that summer, and will soon issue a joint report, though the responsi- 
bility of completing the explorations in that State has fallen wholly upon 
my colleague. We went, however, in company over about two-thirds of 
the whole line. In Ohio, Prof. Newberry, in volume II of the report of 
the Second Geological Survey of Ohio, had approximately outlined the 
boundary in that State, but in Ohio, as in Indiana and Illinois, the 
survey was necessarily carried on by a variety of persons, and before 
the most distinctive glacial marks were fully understood; hence, the 
uncertainty about the extent of the glaciated area in those States, and 
of a continuous and more minute exploration of the boundary line. 
The extreme line of special accumulation appears, however, farther 
south than Cape Cod, first in Sankaty Head and Saul’s Hills in 
Nantucket, on Tuckermuck Island, Chappaquiddick Island, and on 
Martha’s Vineyard in the prominent hills extending southwest to Gay 
Head, reappearing again in No Man’s Land, and in a remarkable knot 
of hills on Block Island. In Long Island it appears at Montauk Point, 
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thence running to Sag Harbor and Canoe Place, and due west to Harbor 
Hill, at Reslyn, the highest point in the island, thence west southwest 
through Greenwood Cemetery, Brooklyn, to the Narrows at Fort Hamil- 
ton and across the southeastern part of Staten Island. 

About the same time (1876-77) Professors Cook and Smock, of New 
Jersey, accurately mapped the moraine across that State. Beginning at 
Perth Amboy, it bends northward through Raritan, Plainfield, Chatham, 
Morris, and Hanover to Rockaway, thence a little south of west to 
Belvidere, on the Delaware, a few miles above Easton. 

From that point, leaving the Delaware at Belvidere, about fifteen 
miles above the mouth of the Lehigh, the glacial boundary crosses 
Northampton county by a general northwestern course to the centre of 
Monroe county. Here it turns westward, crossing the Lehigh at Hickory 
Run, about fifteen miles above Mauch Chunk, and continues westward 
until it crosses the east branch of the Susquehanna, at Beech Haven, 
about twenty miles below Wilkesbarre. Thence by a northwesterly course 
it continues through Columbia county, rising upon the summit of the 
Allegheny Mountains, and crossing them diagonally in Lycoming 
county ; thence (still northwest) through ‘Tioga and Potter counties into 
Cattaraugus county, New York, reaching its most northerly point at 
Little Valley, six miles north of Salamanca. Thence it runs in a pretty 
direct southwest course to Columbiana county, O. 

The accompanying map of Ohio shows the glacial boundary ex- 
plored by me during the summer vt 1882. This does not, as some may 
have surmised, represent merely a line which I have traversed, but a 
line which I have zigzagged, and along which, I believe, I have 
determined with tolerable certainty the glacial boundary upon nearly 
every mile of its course. In every township I have endeavored to go 
far enough south of the line, here marked, to make it sure that I was 
beyond the limit of glaciation. Down to this line the marks of glacia- 
tion are everywhere abundant and unmistakable ; south of it the absence 
of glacial marks is equally striking. | 

The glaciated area of Ohio consists of a rolling surface essentially 
like the prairies farther west, except that it was originally covered by 
timber. The preglacial channels have nearly all been buried out of 
sight, and it is rare that the rocks anywhere emerge above the till. The 
till itself contains everywhere glaciated fragmerts of a great variety of 
rocks, all of which are from the north. It is not unusual to find, in 
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the central part of the State, many feet below the surface, granite from 
Canada, Corniferous limestone, and fragments of sandstone, all striated, 
and intimately mixed together in the paste formed by the grinding up 
of the Ohio shales. Large granite boulders are thickly strewn all over 
the surface of this glaciated area. Some of the largest found in the 
State occur upon the very border of the glaciated region. A granitic 
boulder, found in Columbiana eounty, near Lisbon, is 13x11x8 feet out 
of ground. Another, near Lancaster, in Fairfield county, is 18x12x6 
feet out of ground. Granite boulders from three to five feet in diameter 
are too numerous to mention. 

The average depth of the glacial deposit over the area in Ohio, 
north of this boundary line, is estimated by Mr. E. W. Claypole (see 
Proceedings of A. A. A.S., vol. XXX, p. 151), to be fifty-six feet. No 
one at all familiar with the region will be disposed to think this estimate 
exaggerated. 

The inexperienced observer will, however, frequently be confused 
by the evidence of water action in connection with the till. He should 
bear in mind that during certain seasons of the year large floods of 
water accompanied the glacier at all stages of its progress. Sometimes 
the water escaped by sub-glacial streams, at others by superficial 
streams; in all cases flowing towards the front, and making stratified 
deposits in places where there are now no streams, and which, while the 
glacier was advancing, might be covered by deposits of till. Again, as 
the glacier was retreating, there were vast floods from the melting ice, 
leaving terraces of coarse gravel in all the existing streams, as well as 
superficial deposits of sand and gravel in many places where no streams 
now exist. 

The southern margin of the glaciated area of Ohio is not every- 
where marked by such a relative excess of accumulation of glaciated 
material as is found through Cape Cod, on the Elizabeth Islands and 
Long Island, and at various places in New Jersey and Pennsylvania. 
The limit, however, everywhere is very sharply defined, and at various 
places, soon to be mentioned, in Stark, Holmes, Fairfield, and Ross 
counties, the marginal deposition is on a scale equal to anything which 
can be found in the south of New England. 

The glacial limit enters Ohio from the east, in Columbiana county, 
at Achor, twelve miles north of the Ohio river, and continues nearly 
west to the middle of Stark county, where it turns more to the south, 
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crossing the northern part of Holmes county to the northeast corner of 
Knox, where it turns at right angles to the south, running through the 
eastern part of Knox and Licking counties, the western part of Perry, 
turning here so as to pass through Lancaster, in Fairfield county; 
touching the western edge of Hocking, and entering Ross at Adelphi, 
in the northeast corner. Here it turns to the west, crossing the Scioto 
Valley a few miles north of Chillicothe, and emerging from the county 
at its southwest corner, proceeding thence through the southeastern 
corner of Highland, the northwestern of Adams, reaching the Ohio 
river in the southern part of Brown county, near Ripley. Cincinnati 
was completely enveloped by ice during the glacial period, and extensive 
glacial deposits exist in the northern part of Campbell and Boone coun- 
ties, Ky., and near Aurora, in Dearborn county, Ind. 

In Indiana the line still continues to bear in a southerly direction 
through Ohio and Jefferson counties, grazing the edge of Kentucky 
again opposite Madison, and reaching its southernmost point near 
Charlestown, in Clarke county. From here it bears again to the north 
through Scott and Jackson counties to the line between Bartholomew 
and Brown, and follows this to the northeast corner of Brown. There 
again it turns to the southwest, touching the northeast corner of Monroe, 
where it again bears north for ten miles to near Martinsville in Morgan 
county. Here again the line turns west and south, passing diagonally 
through Owen, Green, Knox, and Gibson counties, and into Posey | 
county as far as New Harmony, where for the present my investigations 
are broken off. 

The following is a list of the counties and townships traversed by 
the glacial boundary in Ohio: 


OHIO. 


CoLUMBIANA County.—Middleton, Elk Run, Center, Hanover, West. 

STARK County.—Paris, Osnaburg, Canton, southwest corner of Perry, Bethlehem, 
southern part of Sugar Creek. 

Tuscarawas County.—Northwest corner of Wayne. | 

Hoitmes County.—Paint, Berlin, Hardy, Monroe, Knox, Ashland, southeastern 
corner of Hanover. 

Knox Oounty.—Jefferson, Union, Butler, J ackson. 

Licxkinec Counry.—Eden, Mary Ann, Newark, western border of Franklin and 
Bowling Green. 

Perry County.—Thorn, western border of Reading. 
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FAIRFIELD County. —Southeastern corner of ltichland, northwest corner of Rush 
Creek, southeast corner of Pleasant, northwest corner of Bern, Hocking, Madison. 

Hockına County.— Western border of Perry. 

Ross County.—Colerain, Green, Union, Twin, Paint, Paxton. 

Pıkz Counry.—Northwestern corner of Perry. 

HıcuLanp County.—Brush Creek, Marshall, Jackson. 

Apams County.—North west corner of Scott, Winchester, Wayne, northwest cor. 
of Liberty. 

Brown County.—Byrd, Union, Pleasant, Lewis. 

Cieamont County.—Franklin, Washington. 


KENTUCKY. 


CampBe_L County.—Near the Pendleton county line. 

Kenton County.—Northern part. 

Boone County.—Northern part, near Burlington, recrossing the river half way 
between Petersburg and Grant. 


Morse SPECIAL ACCOUNT OF THE GLACIAL MARGIN. 


Through Columbiana county, as in the adjoining counties of Penn- 
sylvania, south of the heavy deposits of till, there is a fringe from one 
to three miles wide, over which there are scattered evidences of glacial 
action, consisting of granitic boulders and patches of till, here and there 
upon the highlands, at an elevation of from three hundred to five hun- 
dred feet above the Ohio river. North of this fringe the till is con- 
tinuous and everywhere of great depth. At Palestine, on the eastern 
edge of the county, and at New Alexandria, near the western side, wells 
are reported in the till fifty feet deep. New Alexandria is upon the 
highest land in that part of the country, and the glacial deposits are 
marked in moderate degree by the knobs and kettle-holes characteristic 
of the moraine upon the south shore of New England. A mile or two 
west of Canton, in Stark county, the accumulations of glaciated material 
are upon a scale equal to anything upon Cape Cod. The northern part 
of Holmes county is covered with till, which is everywhere of great 
depth, and in numerous places near the margin, displays, though in a 
moderate degree, the familiar inequalities of the New England moraine. 
After the southern deflection, in Knox county, the glaciated region is 
entered near Danville, from the east, on the Columbus, Mount Vernon 
and Akron Railroad, through a cut in till, a quarter of a mile long, and 
from thirty to forty feet in depth. At the old village of Danville, near 
by, upon a neighboring hill, wells are reported as descending more than 


760 . GEOLOGY OF OHIO. 


a hundred feet before reaching the bottom of the till. Through Licking 
county, {both north and south of Newark, the. depth of the glacial 
envelope is great, up to a short distance of its eastern edge. At the 
reservoir,in Perry county, the distinct features of a moraine come out. 
The hill upon which Thornville is built is a mass of glaciated material 
in which§wells descend from thirty to fifty feet without striking rock. 
This is upon the highest land of the vicinity. 

Theg reservoir itself seems to be a great kettle-hole or moraine 
basin. All through Fairfield county, the glacial acoumulation is of 
great depth down to a very short distance of its margin. But perhaps 
the most remarkable of all the portions of this line in Ohio is that run- 
ning {from Adelphi, in-the northeast corner of Ross county, to the 
Scioto River. The accumulation at Adelphi, as shown where Salt 
Creek cutsgthrough, is more than two hundred feet, and continues at 
this height{for many miles westward. Riding along upon its uneven 
summit, one finds the surface strewn with granite boulders, and sees 
stretching?‘off to the northwest the magnificent and fertile plains of 
Pickaway county, while close to the south of him, yet separated by a 
distinct interval, are the cliffs of Waverly sandstone, rising two hun- 
dred or three hundred feet higher, which here and onward to the south 
prettygclosely approach the boundary of the glaciated region. Through 
the southeastern corner: of Highland county and the northwestern of 
Adams, the terminal accumulation is less marked than in Ross county; 
still, the boundary of the glaciated region is easily determined. It ap- 
proaches the river in the vicinity of Ripley, in Brown county, and 
crosses itafrom Clermont county, so as to enter Kentucky a half mile 
north of the line between Campbell and Pendleton counties. Cincin- 
nati, as I have said, was covered with ice during a portion of the glacial 
period. There is an undoubted deposit of till at the railroad station at 
Walnut Hills, nearly four hundred feet above the river. At North 
Bend the tunnel of the Indianapolis, Cincinnati and La Fayette Rail- 
road, leading from the Ohio to the Miami, is through an accumulation 
of till which rises 200 feet above the river. 

I have given special attention to glacial terraces (see American 
Journal of Science, July, 1883), particularly at those points where 
streams pass from the glaciated into the unglaciated region. Here very 
generally there are extensive accumulations of coarse gravel and pebbles, 
such as naturally would be deposited in the last stages of the glacial 
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period when the ice was rapidly melting away and producing enormous 
floods. There were spring freshets to the glacial period of unprece- 
dented extent, the marks of which in all these streams. 


I append a list of streams with brief remarks : 


LIST OF PLAUES WHERE STREAMS EMERGE FROM THE GLACIATED 
REGION, WITH HEIGHTS AND CHARACTER OF TERRACES. 


Mippte Fork or Beaver, New Lisbon; terrace, 86 feet; material, coarse; peb- 
bles, 10 to 15 inches in diameter, numerous ; stratification, indistinct; contains kid- 
ney ore. 

Bia Sanpy ORkEK, East Branca, East Rochester; extensive kame-like deposits, 
80 feet high ; material, coarse, diminishing in quantity and coarseness to Minerva, 
in Stark county. 

NIMISHILLEN, Canton. On east branch, terrace 41 feet above flood-plain; mate- 
rial, coarse and well rounded; pebbles, 16 inches, numerous. On the west branch, 
terrace rises in successive stages to 80 feet; surface, uneven. Two miles and one- 
half southwest a kame called “Buck Ridge” rises 85 feet above this terrace-plain. 
This is coarsely stratified, contains numerous granitic pebbles, and is characterized 
by a line of kettle-holes ranning to the northwest towards Akron. A mile south of 
the city two terraces, first, 88 feet above the bed of the stream; second, 86 feet 
higher. 

Tuscarawas, Bolivar. Terrace in ox-bow, 51 feet; above the ox-bow, for a 
mile, 61 feet. Immense kame just north of the ox-bow, 154 feet above the river; 
material, coarse; contains boulders from 24 to 8 feet in diameter. 

Suaar OBERE, Beech City. Extensive kames for several miles above Beech 
City; a mile and a half below Beech City gravel accumulation immense; knolls, 
ridges and kettle-holes abundant; terrace decreases in height and in coarseness of 
material down the river. 

Kırısuck, Millersburg. Five miles north, at Holmesville, gravel deposits two 
or three miles in diameter, about 25 feet above the flood-plain of the streams ;. kame 
running across it northwest by southeast, rising about 100 feet; material, rather 
fine; pebbles, rarely more than 8 inches in diameter. Half way between Holmes- 
ville and Millersburg, kame-like accumulation west side of the river, 50 feet. One 
mile and a half below Millersburg, west side, wide terrace, 102 feet above flood-plain. 
Two miles farther south, terrace 71 feet, level-topped, of much finer material. At 
Oxford, east side of the ox-bow, terrace 76 feet above flood-plain. Between Shimp- 
lin’s Ran and Black Creek, west of the Killbuck, terrace, 61 feet, fine material. 

Moniıcan, northeast corner of Jefferson township, Knox county, terrace 107 feet 
above intervales; material, very coarse, extending up north at least a mile. At Gann’s 
station, six miles below, large deposits of fine gravel. 

Own Creek, Millwood, terrace on tributary, from the north, 117 feet. 

Rocky Forx, Wilkins’ Run, Mary Ann township, Licking county; terrace, 92 

feet, extends west to Madison township, merging there into till. Two miles east, 

extensive kames; material in all these rather fine. 
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Lickine River, Newark; terrace at the cemetery, 108 feet, continues for more 
than a mile to the east. South of the city, terrace 60 feet +. The city is built upon 
a lower terrace, where three streams meet, several miles in circumference, 21 feet + 
above the stream. 

JONATHAN CREEK, northern part of Thorn township, Perry county, head-waters 
separated from Licking Summit Reservoir by kames 15 feet to 30 feet high. Exten- 
sive gravel deposits down the stream east for two miles, flanked on each side by 
accumulations of peat. | 

Hockına River, Lancaster. The glacial outlet was not confined to the Hocking 
River, but was largely down a branch of Rush Creek, towards the east. This is filled 
with gravel, and dotted on the north side by gravel hills, 50 feet or 60 feet in height, 
North of Prospect Hill is a kamelike ridge of gravel about 100 feet high. 

CLEAR Creek, Clearnort, Madison township, Fairfield county, Muddy Prairie 
Run is made to join it here by a dtich. These streame rise in extensive swamps, 
and here pass through marked accumulatiens of gravel. 

SıLT Cresk, Adelphi. Land slide exposes till, 180 feet; terraces extensive and 
very high below. 

Scıoro Rrver, Green township, Ross county. Two miles east of the river, in the 
southern part, enormous kamea, from 100 to 150 feet, running north and south; 
material rather fine, largely limestone. Three broad parallel ridges between this 
and the river, each one toward the river extending farther south. In Springfield 
township, two miles north of Chillicothe, terrace one-half mile wide, 48 feet above 
flood-plain. 

Paint Creex, Twin township, Ross county ; immense kames running north and 
south on Cat Tail Run; preglacial outlets in eastern part of township, completely 
filled up, compelling the river to make a new outlet to the southeast. (See Prof. 
Orton’s Report, Ohio Survey, Vor. II., pp. 651-655; also paper of my own in 
American Journal of Science, July, 1883). 


Perhaps the most interesting fact brought to light by these inves- 
tigations relate to the extension of the ice across the Ohio river into 
Kentucky, where it left granite boulders and deposits of till upon the 
hilltops more than five hundred feet above the river. The glacisl 
boundary first crosses the Ohio river twenty-five miles above Cincinnati, 
entering Kentucky, as already stated, near the southwestern corner of 
Campbell county, nearly opposite Pt. Pleasant, in Clermont county, O. 
Till, containing granite boulders and scratched stones, covers the hills 
in the vicinity of Carthage, Campbell county, and continues to a greater 
or less extent south along the ridge road as far as Flag’s Spring. Here 
all signs of glaciation suddenly disappear. At Flag’s Spring occurs an 
extensive deposit of water-worn pebbles which have been cemented 
together by lime. The pebbles are themselves mostly of lime. The 
deposit is in a valley tributary to Twelve Mile Creek (which runs to 
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the north), and rises from twenty to thirty feet above the present valley. 
It resembles in nearly every respect the post-glacial conglomerate, 
known as “Split Rock”, at the mouth of Woolper Creek, about twenty- 
five miles below Cincinnati, where the glacial boundary recrosses the 
Ohio, and enters Indiana near Aurora. Whether there are granite 
pebbles in the conglomerate at Flag’s Spring I am unable to say, 
owing to the haste with which I was compelled to examine it. But at 
Woolper Creek, granitic pebbles in small quantity form a constituent 
element of the conglomerate. One was observed which was two feet in 
diameter. The limestone pebbles in this conglomerate are frequently 
three or four feet in diameter. As pointed out forty years ago, by Prof. 
Locke, and noticed later by Dr. Sutton (see Indiana Geological Report 
for 1878, pp. 108-113), this conglomerate at Woolper Creek is not 
confined to the immediate vicinity of the Ohio; though there it rises 
more than one hundred feet above low-water mark. The conglomerate 
is conspicuously developed on the summit of the Kentucky hills for 
three or four miles southeast, and four hundred or five hundred feet 
above the river, and here, as at Flag’s Spring, on the other side of Cin- 
cinnati, the formation marks the true glacial boundary. It would seem, 
however, that the ice nowhere extended into Kentucky more than four or 
five miles from the river. Near Burlington, in Boone county, on one of the 
tributaries to Gunpowder, which flows to the south, and whose source is 
between five hundred and six hundred feet above the river, there is a 
noticeable collection of granitic boulders marking the southern extent 
of the ice. Fifteen or twenty, from one to three feet in diameter, were 
counted in a small space. Three or four of these were composed of a 
metamorphic conglomerate containing jasper pebbles peculiar to the 
eastern shore of Lake Superior. 

Prof. Lewis sppposes (see Journal of Franklin Institute, April, 
1883) that near Olean, in New York, where the ice extended for a short 
distance across the Allegheny river, a sub-glacial channel was kept 
open. It would scarcely seem possible that this was the case at Cincin- 
nati; for the trough of the Ohio is considerably wider than that of the 
Upper Allegheny, and not far from fifty miles of the Ohio Valley 
bordering Campbell, Kenton, and Boone counties, Ky., must have been 
covered by glacial ice. Probably, for a short time, the ice at Cincin- 
nati formed an obstruction to the channel; but what was the course of 
its overflow I am not prepared to say. The obstruction must have been 
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at least five hundred or six hundred feet in depth, this being the height 
of the watershed between the Licking river, in Kentucky, and the Ohio 
river on either side. Such an obstruction would set back the water of 
the Ohio far up into the valleys of the Allegheny and the Monongahela, 
submerging the site of Pittsburgh three hundred feet. (The low-water 
mark at Cincinnati is 441 feet above the sea, that of Pittsburgh, 715 
feet). It remains to be seen how much light this may shed upon the 
terraces which mark the Ohiv and the tributaries in Western Pennszyl- 
vania. 


We learn from Prof. I. C. White, of the Pennsylvania Geological 
Survey, that the terraces of the Upper Monongahela correspond very 
closely in height to what we should expect if the ice-barrier at Cincin- 
nati were such as I have supposed. In the vicinity of Morgantown, 
West Virginia, terraces of clay, sand, gravel, boulders, drifted logs, 
and other rabbish occur in the valley of the Monongahela up to an 
elevation of 1,065 feet, but above that elevation not a single rounded 
and transported boulder has ever been found. This corresponds very 
closely to the height of the’ barrier indicated by the glacial deposits 
south of Cincinnati. Similar terraces are found up the Allegheny and 
its tributaries to about the same height. 


According to Mr. White, also, the glacial dam at Cincinnati pre- 
sents a complete explanation for the origin of Teaze’s valley, an ancient, 
deserted river channel, 20 miles long, and one to two miles wide, which 
leaves the great Kanawha 15 miles below Charleston, W. Va., at Scary, 
and passing through Putnam and Cabell counties, extends to the valley 
of Mud river, a tributary of the Guyandotte which empties into the 
Ohio at Huntington. 


This valley, though having an elevation of 200 feet or more above 
the Kanawha, is filled to a great depth with rounded boulders of sand- 
stone, chert, cannel coal, and other trash, which have been plainly trans- 
ported down the Kanawha from above Charleston, so that although it 
was clearly seen that the water of the Kanawha had once found an out- 
let to the Ohio by the way of this valley and the Mud and Guyandotte 
rivers, yet why this ancient channel should have been abandoned for 
the present much more circuitous one had always remained a mystery 
until the key was furnished by the discovery of the gréat ice dam at 
Cincinnati ; for it is now clear that while such a barrier would set back the 
water of the Kanawha until rising above the divide which had previously 
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separated it from Mud river, it sent an arm across to the Ohio by way 
of the Guyandotte, 50 miles below, where the other arm and main 
stream reached the same river at the present mouth of the Kanawha, 
thus converting portions of Putnam, Mason, and Cabell counties into 
a large triangular island, the base of which was formed by the swollen 
Ohio, and the sides by the two arms of the Great Kanawha. The melting 
away of the Cincinnati dam withdrew the water from the western or 
Mud-Guyandotte arm of the Kanawha, leaving the abandoned valley 
high and dry, but littered up with transported trash as we now see it, 
while the Kanawha continued on to the Ohio in its present and pre- 
glacial outlet. 

A recent visit to Ashland, in Boyd county, Ky., revealed the fact 
that what had been reported as glacial deposits at that point closely 
correspond to those just described by Prof. White in the deserted river 
channel between the Kanawha and the Guyandotte. Through the kind- 
ness of Mr. John Campbell, of Ironton, O., and Mr. John Means, of Ash- 
land, I was conducted over the ground, and it appears that all the way 


from Ashland to Greenup Court-house, and back from one to three | 


miles from the river, on the Kentucky side, there is a deserted river 
valley about 220 feet above the present flood-plain. This level of 220 
feet is very constant, and the hills rise on either side of it about 250 feet. 
When standing on one side of this old valley and looking across it, it 
is sometimes difficult to dispel the illusion that you are looking across 
the present valley of the Ohio. The valley goes by the name of “The 
Flat Woods,” and may well be considered a continuation of the 
Kanawha-Guyandotte valley just described by Prof. White. 

The deposits which had been attributed to glacial action, consist of 
numerous pebbles from a small size up to 18 inches in diameter, and 
occasionally one that is 2% or 3 feet through. The material is uni- 
formly quartz or flint; no granite pebbles are to be found, and all of it 
may well have been brought down the valley of the Kanawha by or- 
dinary river action. No such pebbles are found upon the adjoining 
hills, and according to Mr. John Campbell, who is at once a competent 
observer and perfectly familiar with the region, nothing of the kind is 
to be found in Lawrence county, O.; thus demonstrating that this is 
entirely south of the glaciated area, and that the deposit is due in some 
manner to a former higher stage of river action. 


~.Ub 
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On passing into the unglaciated portion of the State, the whole 
surface of the country immediately changes its aspect: till suddenly 
ceases to occur; no scratched stones are to be found; granite boulders 
and other transported rocks disappear, except in the valleys of the 
streams. Over the whole of this unglaciated area the streams flow in 
narrow channels cut through the horizontal strata of the coal measures 
and of the Waverly sandstone to a depth of from three hundred to five 
hundred feet, and are everywhere lined by terraces of gravel which are 
far above the present high-water mark. The Ohio River, from far 
below Cincinnati to the head-waters of the Allegheny and Monon- 
gahela rivers, a distance of more than fifteen hundred miles, occupies a 
narrow valley worn by the stream in preglacial times, and was the 
great distributer of the drift brought into it by the streams from the 
north, which all along emerged during the glacial period from the ice- 
front, and which in some places approached to within a few miles of 
the river. Upon the highlands in this unglaciated region the soil is 
shallow, and consists of the remnants of the rocks in places which have 
been disintegrated by sub-aerial agencies. 

Aa before remarked, in Ohio, and probably further west, the prairie 
region is seen to have been the product of the glacial period. It 
was the moving ice of that period which wore down the prominences 
and filled up the depressions to produce the dead level or gently rolling 
surface of all this prairie region. The action of running streams pro- 
duces fertile intervals in narrow valleys, but the sheet of ice that 
passed over our continent ground up the rocks, and spread the detritus 
over the whole surface. In the glaciated regions of Ohio the soil is 
nearly everywhere fertile. A noticeable quality in the soil of this por- 
tion of the State is the mixture of the elements composing it. All the 
rocks to the north have contributed to its composition. In the soil of 
the glaciated counties there are found ‘the pulverized fragments of 
various granites from Canada and of the local limestones, mingled with 
those of the neighboring shales and sandstones. All these elements 
have been kneaded together into one homogeneous mass by the moving 
ice, as the housewife kneads her flour and yeast together; and the fifty- 
six feet of till, to which we have referred, is as good soil at the bottom 
as at the top. The soil of the glaciated portion of Ohio is absolutely 
inexhaustible. 
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In extending the above remarks to the prairie region west of Ohio, 
they should be qualified by reference to the loess, which is a water 
deposit of varying depth, overlying the glacial gravels throughout a 
large portion ofthe Mississippi Valley. This probably indicates a de- 
pression of that valley, so as to form a great lake on whose bottom this 
sediment was deposited. From the position of this sediment overlying 
glaciated material, the subsidence of the region is known to have taken 
place since the ice withdrew. I know from personal observation that 
glacial material does underlie this loess throughout a considerable por- 
tion of Southwestern Indiana, and in Missouri, in the neighborhood of 
St. Louis. 

It is evident that the ice movement of the glacial period pretty 
much made the most fertile portions of this State. It determined the 
character of the soil, the contour. of the country, the-minor lines of 


drainage, and thus in a thousand ways had to do with the pleasure, the — 


health and the prosperity of the present and prospective population. 
As I marked off the glacial limits on a map of this State, the Secretary 
of the Board of Agriculture at once said that that was the southern 
boundary of the great wheat-producing portion ot the State, and ex- 
pressed an earnest desire that Ohio might secure as thorough an ezami- 
nation of the glacial phenomena within its bounds as has been done for 
New Jersey. Certainly, ifone is to buy a farm in Ohio, he should 
pray that it be either in a river valley, or north of the terminal mo- 
raine. Of course, this statement must not be taken without qualifica- 
tions; since, to this, as to all general rules, there are exceptions. There 
is as good land in the unglaciated portion as in the glaciated; but 
there is not so much of it in proportion, and upon the average it is not 
so good. The glaciated portion is nearly all first-class soil, and is 
almost boundless in depth. The contrast between the glaciated and 
the unglaciated areas of Ohio appears upon the pages of the Annual 
Crop Report. According to the report for September, 1882, the aver- 


age production of wheat per acre in the glaciated area, reckoned by- 


counties, is in many cases twice as great as in the unglaciated. The 
average production per acre in the whole glaciated area is about four- 
teen bushels, and in the unglaciated, nine bushels. 


MISCELLANEOUS OBSERVATIONS. 


The abrupt changes in direction of the glacial boundary line merit 
a word of discussion. These are most manifest near Falmouth, on Long 


168 GEOLOGY OF OHIO 


Cod; Rockaway, in New Jersey; Salamanca, in New York; and in 
Ohio, near Canton; near the northeast corner of Knox county ; near 
Lancaster; and at Adelphi. The map of Indiana likewise shows a 
remarkable bend to the north from the neighborhood of Louisville, 
making the glacial border sweep around a large, unglaciated triangle in 
the southern part of the State, of which the northern part of Brown 
county is the apex, the Ohio river from Louisville to Mount Vernon 
the base. These changes of direction are so abrupt as to cause much 
trouble in discovering the line. In searching for a cause of these 
sudden changes in direction, one soon finds, however, that they are not 
so difficult to explain as they ‘seem. Ice behaves not like a solid, but 
like a semi-fluid. If an oblong block of ice be suspended upon the 
ends it will gradually sag in the middle. If a strong hollow sphere be 
filled with water, and a good-sized orifice be left through which the ice 
may escape, and the whole be subjected to intense cold, the ice will 
project through the hole for a considerable distance. As a matter of 
fact, ice flows like cold molasses or half-hardened lava. 


It is not necessary to have a steey declivity in order to secure 
glacial motion. Ice can move in any broad valley where water would 
run. In our conceptions of glacial movement we are in danger of 
having our ideas cramped by the contemplation of Alpine glaciers. 
The demands made upon our imagination by the glacial phenomena of 
North America are, to some, almost staggering to reason. We are 
called upon to believe that along a line thousands of miles in extent 
the ice-front of the great glacier rested upon land which is nowhere 
much lower, and in many places is actually higher than the region from 
which it was dispersed. Boulders in many cases have been raised toa 
higher level than their native ledges. 

Upon reflection, however, this is not so paradoxical nor so ex- 
travagant as at first glance it seems. It should be remembered that 
glacial ice is formed not by the freezing of water upon lakes and oceans, 
but by the accumulation of snow, which, under its own’pressure, becomes 
converted into ice. If, now, over an extensive level surface, there 
should annually accumulate six feet more of snow than melted, 6,000 
feet of ice would accumulate after a thousand years. It is thus easy to 
see that after a time the ice might form a mountain plateau by itself, 
and, owing to its semi-fluid character, it would gradually move along 
whatever lines presented the least resistance. Such acoumulations about 
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the north pole would everywhere move to the south, and so we could 
get this southerly motion from the mere accumulation of ice, without 
supposing any change of level. 

The influence of the Mississippi Valley would naturally favor the 
flow of ice in a southerly direction. But the slope from the Alleghenies 
to the Mississippi is gradual and tolerably uniform, and if the ice were 
simply adapting itself to the trough of the Mississippi, we should 
expect the curve of the southern boundary would be free from marked 
irregularities. The sudden deflections, southward, such as mark the 
line through Western Pennsylvania and Ohio, indicate another cause. 
The irregular southerly movement of ice would seem to have been due 
to irregularity in the accumulations of snow to the northward. For 
instance, if we suppose that the accumulation of ice over the State of 
Michigan and to the southward were a thousand feet in excess of that 
over Western New York and the Province of Ontario, that would pro- 
duce a great extension of the ice-current south of Michigan. The forces 
from behind causing the ice movement would distribute themselves 
somewhat as in water when stones of unequal size are dropped into it 
at places not far distant from each other. The more vigorous waves, 
produced by the larger object, would project themselves a greater 
distance beyond the line joining the centers of disturbance than those 
from the other Where these waves met they would partially counteract 
each other. Such a meeting of forces evidently is indicated by the 
sudden southerly trend of the moraine in Knox county. 


49 G. 





APPENDIX. 


ABSTRACT OF THE BEARINGS OF GLACIAL STRLE AND GROOVES 
IN OHIO. 


CoMPILED BY CoL. CHARLES WHITTLESEY. 


NORTHEASTERN COUNTIES. 


Ashtabula County.—No observations; the rocks principally shale. 

Trumbull County.—Farmington township, 8. 30° West; Vernon township, 8.2, 
80°, 40° East ; Brookfield township, 8. 50° East. Over the Pa. Line, Shenango Valley, 
8S. 5° East; Fowler township, 8. 4°, 30° and 45° East; Braceville township, 8. 45° and 
50° W.; Lordstown township, 8. and S., 20° E. 

Mahoning County Line— Austintown, S. 30° and 85° East. Average of four 
exceptional observations, south and west, S. 31° W. Average of ten observations to 
the east of south, 8. 22,4,° E. 

Geauga County.—Thompson, S. 50° Exst, and S. 40° and 50° W.; Hampden, &. 10° 
and 15° E.; Chardon, 8. 10° E.; Chester, S. 50° and 70° E.; Russell, S. 50° and 70° E: 
Bainbridge, 8. 49° E.; Parkman, S. 80° W. | 

Lake County.—Leroy, 8. 45° W. 

Portage County.—Mantua, S. 30° and 40° E.; four observations, W. of S., mean,& 
41° W.; ten observations, E. of South, 87,4,° E. _ 

Cuyahoga County.—Solon, 8. 45° E.; Euclid, 8. 20° and 25° E.; Independence, 
8. 20° E.; average, N. 273° E. 

Summit County.—Portage, near Akron, 8. 10° to 85° E.; N. Hampton, 8. 3 w 
60° E.; N. Hampton, 8. 30° to 35° E.; Middleburg, exceptional, Fast and Wet: 
Tallmadge, Coal Hill, 8. 80°, 40° E.; Cuyshoga Falls, 8. 45° E.; Twinsburg, 8. 40° and 
45° E. | 

Medina County.—Copley, 8. 80° W.; Sharon, 8. 40° E. 

Wayne County.—Doylestown, N. and S.; average (not anomalous), S. 36,5,° E. 


West Enp or LAKE ERIE. 


Between Buffalo, at the east end of this lake, and the Islands, the rocks near 
the water level are generally too soft to retain the ancient ice-markings. On the 
lime rock at Buffalo there are numerous and distinct etchings that bear from south. 
25° west to south 80° west, and run under w:.ter. Their bearings are nearly parallel 
with the axis of the trough of the Lake. At the mouth of Detroit River, near Gibraltar, 
the limestone beds are grooved and polished, and the bearings are also south 3° 
west. The islands and the limestone shores to the south and weet are everywhere 
scored and grooved in the same way; but the bearing is generally more to the west. 
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differing, by nearly a right angle, with the general bearing in the northeastern 
counties. | 


Keviey’s ISLAND AND SOUTHWARD. 


Southeast corner, at water level, long grooves, 8. 75° W.; Southeast corner, at 
water level, cross striee, N. 80° W.; Calkins’ quarry, north side, deep grooves, 8. 80° 
W.; Calkins’ quarry, north side, strie, 8. 70° W.; Calkins’ quarry, water level, strise, 
N. 80° W.; Calkins’ quarry, water level, one heavy groove, 8. 45° W.; Calkins’ 
quarry, water level, one strise, 8. 60° W. Mean of twelve observations in different 
parts of the Island, 8. 80° W.; West Sister Island, mean, 8. 80° W.; Put-in bay, mean 
of twenty observations, 8. 80° W.; Sandusky City, mean of four observations, 8. 80° 
W.; Sandusky City, mean of two observations, 8. 80° W.; Sandusky City, mean of 
one observation, 8. 81° W. 

Brie County.—Belleville, 8. 75° W.; Belleville, 8. 65° W. 

Ottawa County.—Geneva, 8. 65° W. 

Lucas Couniy.—Sylvanus, five observations, 8. 50° W.; Monclova, four observa- 
tions, 8. 62° W.; Whitehouse, 8. 50° W.; near Maumee river, seven observations, 8. 
62° W. 

Wood County.—Portage, three observations, 8. 50° W.; Otsego, three observations, 
8. 64° W. 

Defiance County.—S. 45° W. 

Paulding County.—Junction, three observations, 8. 45° W. 

Van Wert County.—Middle Point, two observations, 8. 15° W. 

Hancock Cou‘ ty —Findlay, three observations, 8. 43° W. 

Putnam County.—Blanchard, 8. 20° W.; Sugar Creek, 8. 50° W. 

Auglaize County.— Auglaize, 8. 48° W. 

Seneca County.—Seneca, S. 5° E.; Seneca, S. 23° W. 

Wyandot County.—Crawford, 8. 20° W.; Crane, 8S. 5° W.; Marseilles, 8. 10.° W. 

Marion County.—Grand Prairie, north and south. 

Miami County.—Troy, glaciated surfaces, bearings not given. 

Bighland (ounty.—New Lexirgton. According to Professor Orton, very marked 
roches moutonnees. Dr. John Locke, in the Second Report of the First Geological 
Survey, 1838, p. 230, has given a fac simile of polished limestone from Light’s quarry, 
near Dayton, Montgomery county. It was done by placing a scored block in a 
ruling machine, by which it engraved itself to perfection. The grooves are from 
zs to } of an inch deep, and from a line to 3 of an inch wide. Both the grooves and 
the finer stris are in groups, or fascicles, as high as 10 in number. They were 

perfectly straight, and covered by two feet of earth. The average bearing is about 
S. 26° E., ranging from 19° to 21°, 81°, and 33°; but tbe greater number of the most 
pronounced are 8. 26° E. 


The above abstract is compiled from the observations of Professors 
Newberry, Read, Winchell, and Gilbert, of the Second Ohio Survey, 
and from those of Col. Whittlesey. Most of the irregular and excep- 
tional] bearings can be accounted for by the local topography turning 
aside the general movement. The highest elevations are 625 to 650 
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feet above the lake, above which the ice-sheet must have risen several 
hundred feet. 


GLACIATED AREA OF NORTH AMERICA. 


We have inserted on page 756 a map of a portion of the glaciated area 
of North America. The arrows indicate the direction of glacial strie, as 
collected by Prof. Chas. H. Hitchcock, from various geological sources. 
The portion of the boundary of the glaciated area consisting of broken 
lines is hypothetical ; the rest has been accurately determined as described 
in the text. The special glacial accumulations indicated by the broad 
lines in the interior belong to what Professor Chamberlin calls the 
“Kettle Moraine” (see Geological Reports of Wisconsin and Minnesota.) 
The dark line southwest of Lake Erie represents the supposed moraine 
of a Lake Erie glacier described on page 50, volume II, of this report. 

The shaded area, marked “Lake Agassiz,” is supposed by Minne- 
sota geologists to be the bottom of an immense glacial lake which existed 
so long as the ice dammed up the northern outlets to that region. The 
shading upon the rivers indicates the terraces which characterize all 
streams connected with the glaciated area. In New England the 
shading is seen to be independent. of streams where it represents kames, 
which are gravel accumulations connected with the close of the glacial 
period, and corresponding in many respects to terraces in character, but 
independent of water-courses. (For fuller description see the sixth 
chapter of my “Studies in Science and Religion.” Andover: W. F. 
Draper.) \ 


NOTE.—I regret very much that through a misunderstanding one form of Professor Wright's 
report was sent to press before his corrected proof had been received. When the proof came to band, 
the prers was stopped and corrections were made, as far as practicable, but one half of the edition had 
been already printed. The result is that a number of minor errors will be found on pages 758-768, ir 
clusive, in part of the volumes. They are not, however, deemed sufficiently important to requires 
special table of errata. E. 0. 





CHAPTER XII. 


THE COAL SEAMS OF THE LOWER COAL MEASURES 
OF OHIO—ContTINv_ED. 


THE MASSILLON COAL FIELD. 


By Epwarp Orton. 


Under the designation of the Massillon Coal Field, the most im- 
portant mines of the Sharon coal (Coal No. 1), at present known in the 
State, will be considered. The field occupies adjacent portions of 
Summit, Medina, Wayne, and Stark counties. It extends from Tall- 
madge, Akron, and Wadsworth, on the north, nearly to the south line 
of Stark county. The coal of this seam is mined, or has been mined in 
the townships of Tallmadge, Springfield, Coventry, Franklin, Norton, ° 
and Copley, of Summit county; in Wadsworth township, of Medina 
county ; in Chippewa and Baughman townships, of Wayne county; and | 
in Lawrence, Jackson, Tuscarawas, Perry, Sugar Creek, and Bethlehem 
townships, of Stark county. A line can be drawn connecting the several 
mines that are, respectively, furthest north, east, south, and west within 
the area where this coal has been worked, and the space thus enclosed 
might be ealled a map of the Massillon Coal Field, but such a map 
would not answer for all of the purposes for which maps are made. 
Drill-holes and trial pits, sunk afterwards, would be quite likely to 
show basins of the coal in question, outside of the boundary, and they 
would not, by any means, be certain to show its presence at all points . 
within the line. The reasons for this inadequacy are as follows: 
Much of the territory is drift-covered, and sharp boundaries of the 
underlying geological formations cannot be drawn. In the next place, 
most of the coal is below drainage. Finally and chiefly, the original 
deposits of the coal were exceedingly irregular, never covering but a 
small fraction of the area included in such a boundary line. In the 
accompanying map, which is entitled Map of the Massillon Coal Field, the 
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“ locations of the principal mines are shown, but no symbols are ventured 
upon to indicate the extent and reach of the field. The map is based 
upon one prepared a number of years since by Mr. James Nicholls, 
‘Iining engineer, for Dr. Newberry, to accompany a volume in course of 
preparation. In the accounts that follow of the several mining cen- 
ters, the facts that are at hand bearing upon these questions will find 
place. 

Newberry has given a good account of the field in his report upon 
Summit county, vol. I, page 214, et seq., and in his report upon Stark 
county, vol. III, pages 156-167, and also in his general discussions 
of the lowest coal. A knowledge of these previous statements will be 
presupposed in the descriptions that here find place. 

That this seam is really at the Sharon horizon (Newberry’s Coal 
No. 1), is established on the surest foundation. Every fact that can 
have a bearing on the question is in harmony with this view. The 
sections above and below are in exact accordance. Below lies the 
Sharon conglomerate, which is, however, a very uncertain element, 
being frequently replaced by sandstones and shales, without a pebble. 
Under the Conglomerate is the Waverly group, consisting of the Cuya- 

. hoga shales, the Berea shale, Berea grit and Bedford shale. AII these 
are found in outcrop, and also in borings in due order, on every hand. 

The coal itself, in its mode of accumulation, and in its present 

' disposition, agrees exactly with the Mahoning Valley coal. In physical 
properties the coal of the two fields differs somewhat, it is true, but no 
more than the most strictly continuous seams of the entire series will 
differ when traced through an equal extent of territory. The Massillon 
goal is in a great number of instances covered by a few feet of black 
shale; this is, in fact, the normal tover, and this slate is charged with 
the fossils that are characteristic of the seam elsewhere. Above the slate 
come the Sharon shales with their nodules of iron ore. These shales 
are very largely worked in Summit county for the manufacture of sewer 
pipe, and the character of the horizon is thus perfectly understood. 
The little “rider” seam of coal also comes into the sections frequently, 
30 to 50 feet above the main coal. It is nowhere large enough to be 
mined, but there is no reason to doubt that it represents the Quakertown 
coal of the Mahoning Valley, which is Newbery’s Coal No. 2. Still 
higher comes the Massillon sandstone, and above it, at the proper 
interval, the Mercer Group, the clearest and most unmistakable series 
of the Lower Coal Measures. 
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1. STRUCTURE OF THE MASSILLON CoAL FIELD. 


As is the case with the Sharon coal seam elsewhere in Ohio, the 
coal of the Massillon field is in all cases disposed in distinct basins or 
troughs, which range in size from a few acres up to a few hundred, but 
rarely exceeding two hundred acres; the greater number range between 
30 and 70 acres. Each basin or trough holds a lenticular body of coal, 
the thickest part of which is generally at the center or along the axis 
of the basin, and which is known among the miners as the “swamp” of 
the seam. Toward the margins of the basins, the coal grows thin, some- 
times gradually, and sometimes by rapid reduction in volume. As the 
seam is seldom followed by the miner when it runs below 2 feet in thick- 
ness, it is quite possible that some of the basins that appear to be distinct 
may in reality be connected through a thin sheet of coal that stretches 
over the “hills” of the mines. These basins are frequently grouped in 
close proximity, to the extent of a half dozen or more, but some appear 
to be separated by wide intervals from any other bodies of coal. 

There is apparently a normal or regular thickness of the seam, for 
the swamps of all the important basins generally show about 6 feet of 
coal. The better mines yield about 4,500 tons to the acre by the 
present system of working. 

The coal of the several basins is laid upon an uneven floor, and 
considerable differences of level are due to this fact, but in addition to 
this, the basins as a whole share in the inclination of the whole series 
of rocks in which they are included. In general terms, the dip of the 
coal may be said to be to the southeast, but there are many local excep- 
tions to this statement. The margin of the Coal Measures is a sinuous 
one, and this fact is not altogether duc to the accidents of atmospheric 
waste and erosiun, but it seems to go back to original conditions of 
deposit. The dip of the coal basins adjusts itself in part to this 
margin, being generally at right angles to it, but in the large way 
all of them incline to the south and southeast. 

The facts of the dip can be learned from an examination of the 
accompanying chart, which was prepared by Mr. James Nichols, under 
Dr. Newberry’s direction. It is entitled Map showing Elevations of 
Massillon Coal, ee. © 

The elevations of the coal are also shown herewith in tabular 
arrangement, to facilitate reference. 

Beginning at the Akron mines, we find the following series; 
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Above Lake Erie. 
Coal of Brewster Bros. mine, Shaft.........00.sccssssscessseceesseeees 498.7 and 490 ft. 
“ © mine, Drift ..........ccccsscccscccccceccecsvece 483.5 
“ Middlebury Shaft ......... bec cece ccesessccscessoscese oo cescccees 44 
“Brewster Slope......csccsscoccccsccscsccscscnscsscoccescnenseces „ 409 
©“ BSteese mine—Drift ........cccscosscsccssee cscccsccrccccccsssencs 419 
* Johnson mine .......secccrercccnscccecscssscnvessveccoscoses konnen 4193 
“ Franklin mine..........scccssoscssssssoesvees dececes vecaeeecesecees 421.8 
“  Krouse mine........scscsesoeceesese Cee sesececseeeceee wensenssnsen 891.7 
“ Chippewa mine ..........cesscscescssscssercsccesccecesseces asses 468 
Lester Mine........ccccccecssece scosecses sonsccesesescserescscsveces 448 
“Fulton Slope........cccssscscscsscesces sess cossscscscessscceesens „ 884 
“ Barney McGue’s mine...... ......01 senunnonnenennesunnennneene 888.9 
“ Crawford Slope ............00 eevee conceecavecscessesecsnscesces 838.3 
“ Ground Hog mine...... ..:... cs... uensonnsnnuonsnanannnnnannen 849.6 
Aberdare mine........scscccssscccercccsscconsscercccsscnscssecses 834.5 
“ Mountain mine ..........02 csccsecscccevccecscccsccsccscececsscece 318.5 
“ Willow Bank mine, No. 1 ..........scccccssesvces sosseceeees 3425 
“Brookfield mine...... le puesene vasnansaanse nennen ee seeccene annene 841.2 
* Grove MINE .ecossononunsnonnennnnanuneonnnnnunnnn sonsnccssceceses 816 
Warmington mine ...........scccsssssscsecescssceccees soaunnen 337 
© Pigeon Run mine .........ccsccccsscee recess ccsceasceeceeenes os 322 


The levels of the canal are also given to furnish a basis for com- 
parison of other elements with those above enumerated : 


Above Lake Erie 
Summit level .............sscsscscccceccccsccracencesssscensseccssccscecenscecescacess 396.66 
Level from Wolf Oreek to Clinton. ............scccesscesesscccecersesessaceees 387.66 
“ Clinton to Fulton ......00...scccccscecssoocscceccccccces cover nennen 372.68 
“ Fulton to Massillon ...........c...csccccssevccssececscececcune oes 366.66 


In dealing with these figures, it is necessary to bear in mind that 
the elevations of the coal in different parts of the same mine have s 
play of 20 to 50 feet, irrespective of any general dip. The descent is 
often made very abruptly. This fact will remove some of the anomalies 
in the previous table. 

From the northernmost station, which is the Middlebury mine, t 
Krouse’s mine, sect. 22, Franklin township, there is a descent of 72.3f 
The distance is 10 miles, and the direction is nearly southwest. This 
‘shows the fall in this line to be 7 ft. per mile. But from the same 
station to the Franklin mine there is a descent of only 42.2 feet in $ 
miles. This reduces the dip in the same general line to 5 ft. per mile. 
The latter figure is the more reliable, as a number of elevations agree 
with that of Franklin. 
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From the Krouse mine to the Chippewa mine, the distance is 5% 
miles, and the direction is southwest as before, but the coal rises in this 
interval 76.3 ft. The Franklin coal is but 46.2 ft. lower than the 
Chippewa coal. The dip from Chippewa to Franklin is about 6} feet 
per mile. Chippewa and Middlebury coals being at the same level, the 
line that connects them may well enough be taken as the line of strike 
or level bearing. This agrees fairly well with the general facts of the 
dip in this region. 

To ascertain the strongest dip, the elevations of the Chippewa 

mine, 468 feet, and of the Mountain mine, 318.5 feet, and also of Wil- 
low Bank, No. 1, 342.5 feet, can be compared. The distance is about 
73 miles. The direction from the Chippewa to the Mountain mine is 
nearly southeast, and the descent is 147.5 feet, or about 20 feet per mile, 
but to the Willow Bank coal, which is west of the Mountain, the fall is 
only 125 feet, or about 16 feet to the mile. From the Lester mine, 
which is near the Chippewa, but which holds a lower level (448), the 
fall to the Mountain mine is at the rate of 17 feet,per mile, and to the 
Willow Bank, about 14 feet per mile. The most southerly mines that 
appear in the list, as the Grove, Warmington, and Pigeon Run, we find ° 
to the west of the main line of dip, above noted, and lying nearly level 
on a north and south line with the mines nearest Massillon. It is seen 
from these comparisons and from such others as the figures of the pre- 
ceding table render possible, that while the dip is not nearly enough 
uniform in any direction to warrant its employment in determining the 
position of the coal at new stations, still no great anomalies are found, 
and, least of all, does it tend to high figures. 


2. CHARACTER OF THE MASSILLON COAL. 


The Massillon coal is an open-burning coal, containing an average 
of about 53% per cent. of fixed carbon, 37 per cent. of volatile com- 
bustible matter, 54 per cent. of moisture, and 4 per cent. of ash. The 
fixed carbon ranges from 50 to 57 per cent. The volatile combustible 
matter is quite uniform, seldom rising above 38, nor falling below 35 
per cent. The moisture has not been found lower than 44, nor higher 
than 6% per cent. A wider range is shown in the ash, the limits of the 
analyses made for the Survey being respectively 1.6 and 6.3 per cent. 
The percentage of sulphur is about 1.1. These figures evidently show 
one of the very best coals of the State. As will be hereafter seen, 
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there are some large basins that fall a little below the standard in 
quality. It is an open-burning coal, but not of the same character as 
the Mahoning Valley seam. From the latter it is distinguished by its 
larger proportion of bituminous matter as shown by its burning with 
a longer flame. It is also a brighter coal, holding much less mineral 
charcoal. Its open-burning character is, however, pronounced, and it 
has long been used successfully in the blast-furnace as a smelting fuel. 
It is the dryer or splintier portion of the seam that is turned to this 
use. It is well faced, so far as the main joints are concerned, but the 
end joints or “cutters” are very close and tight. This fact has led toa 
system of mining different from any that is elsewhere followed in the 
State. The coal is blasted without being undermined, and sometimes 
without being “sheared,” or, in mining phrase, it is “shot out of the 
solid”. The undermining can well enough be dispensed with, but the 
shearing or cutting of the coal is essential to good mining. More powder 
is required to the ton of coal in this field than in any other in Ohio. 
The most coal that can be expected from a keg of powder is 35 tons, 
and the amount is sometimes reduced to 20 tons. At these rates, the 
cost of powder to the miner ranges between 9 and 16 cents for each ton 
of coal. | 

Royalty ranges between 15 and 30 cents per ton, and is paid on 
lump or round coal in nearly all cases at the present time. Screens 
are in universal use for cleaning the coal. The standard commonly 
recognized, is 12 feet by 5 feet, with a mesh of 14 to 14 inches, but 
this last element has some range. It never falls below the standard, 
but often overruns. The amount that goes through the screens differ 
in different mines. Generally from $ to } of what is sent out in the 
bank cars is found below the screens. Of this amount about halt, 
sometimes more and sometimes less, is nut coal. South of Massillon 
the output is divided thus: one car of nut to 9 of lump; one of slack to 
7 of lump. The nut derived from the curly coal is more valuable than 
that from the splinty coal, the former selling at the mine about 40 cents, 
and the latter about 65 cents below the lump coal. In the city markets. 
these distinctions are apt to vanish, and the price of both grades comes 
within 25 cents of the lump coal. Within the last few years a market has 
been made for the slack also. The entire product of the mines not 
goes forward. Throughout the field, the face of the coal is often 
encrusted with a thin film of carbonate of lime, which is commonly 
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known as white cap. As to its effect upon the strength of the coal, 
there is a difference of opinion. In some mines it is held to reduce the 
strength of the coal, causing the seam to yield more nut and slack. In 
others it is claimed that the coal is cemented at the joints by this means 
and is thus enabled to bear handling with less loss. It is quite a dis- 
tinctive mark of the coal in the lake markets, but it is not limited to 
this seam as is popularly held. 

The usual price of mining is 85 cents per tun, with an allowance 
of 4 cents for every 3 inches below 4 feet. The miner makes from 2 to 
4 tons per day of clean coal. 


3. ÜSES OF THE MASSILLON COAL. 


A coal of the character already described is seen to be adapted to 
almost all of the important uses to which bituminous coals are put. It 
is an approved furnace and mill coal, and a steam coal of high grade, 
but for household use it is so happily adapted that not only ig it the 
standard in this respect in the markets that it reaches, but a constantly 
increasing per centage of it is being turned to this service. The pro- 
portion now used as domestic coal is variously estimated at 60 to 80 per 
cent. Its adaptations to household use have been already pointed out 
(page 150). It is to be regretted that any large amounts of a coal of 
such high grade, and which exists in such limited quantity, should be 
used up in the manufacture of steam in locomotive and stationary 
engines, for which far inferior qualities are available, but this result 
follows necessarily from the present state of the coal market, and a 
considerable amount of the comparatively small acreage left of this 
famous field is annually turned to these inferior uses. But little of it 
is used in blast-furnaces at the present time. 


4. Mrnes or THE MASSILLON Coat FIELD. 


A brief account of the chief centers of present production and of 
many of the leading mines of the field will now be given. 


a. Mines of Tallmadge Township. 


The coal of this township was the first coal mined for the northern 
narket in the State. A considerable acreage has already been exhausted. 
Mr. Philip Thomas has leased all the known remnants, aggregating 
wssibly 20 acres. A new tract on his own land has lately been proved 
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to hold the coal. But two mines are now worked, and these in a small 
“ way, producing from 30 to 60 tons a day, mainly to meet the local 
demand. The coal averages 4 feet in thickness, where worked. The 
direction of the faces or main joints is N. 35° E. A considerable 
proportion of the product is red or weathered coal. The quality of the 
coal that is left is not equal in all respects to that of the larger deposits. 

Its average composition can be seen by the following analysis 
(sampled by F. Keffer) : 


Analysis of Tallmadge Oval (Lord). 


Moisture ..........ssccccceccscccscccvcccecs © creccscccsccee ove cs seeccccccees seccccsnsccecs 6.33 
Volatile combustible matter .........ccecccccescccccccs ssvecscccecccccsscscccsceneccces 87.92 
Fixed Carbon ..........sccccccccccscccccceccccccccssccccececeseseccncccsccconece srcecencess 51,40 
Ash ......csccccccccccccccccccccccces succes scccccccccce scence sccess cocees cccces seascccncoucsesess 5.35 

Total .......... a cecece coves secceccccccccscesceccscsccerscssoessce sescsscesencses seeees ~ 100,00 


Sulphur .......ccscosorcccssccsccsccscccccccecsccnsee sececece:cescscesscoosas specesscscsowscess 1 
b. Akron District, Springfield and Coventry Township. 


The Middlebury shaft, operated by Payne, Newton & Co., of 
Cleveland, is one of the largest and best known mines of the distriet. 
Its average daily output is about 200 tons. The coal exists as an ur 
divided seam, with a maximum thickness of 5 feet. It is worked dom 
to 24 feet. The average of the worked areas is 4} teet. About 200 
acres have been mined out, and the acreage tributary to the mine will 
soon be exhausted. The roof is black slate or sandstone, and the two 
- elements occur in nearly equal proportion. The shale is, of course, the 
more desirable cover. The largest use of the coal is for house fuel, but 
it is also used in generating steam, and to a small extent asa farnac 
coal. 

The average composition is shown in the following analys 
(sampled by F. Keffer) : 


Analysis of Middlebury Shaft Coal (Lord). 


Moisture .......sccceccscssccnsacccsacosscsccscccccsccsences sescesccsenccscencces sonsenensesces 472 
Volatile combustible matter ..........u:...00... ‘ee ccnces ceccceccccce soncce consnccscess 38.10 
Fixed carbon .......ccccccccccccsccscccccccccsccccevccsccscseccsccsenccesccecnecosccseeseccee 52.78 
Ash ...cccccccvccccccccccccccscccnceccecccccccccacccsestsscsecs setecessucesccscccnesvecccesccess 440 

Total ......cccccccccsscccsccccccvccccsccscevccscccnsccssovcsvccsececccces cesoseccecccscnese 100.00 
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The Brewster Brothers’ Slope was a mine in the same basin with 
the mine last described. It was exhausted in 1882. In thickness and 
quality of the coal, it agreed entirely with the Middlebury shaft. 

The Thomas Brothers’ mine, otherwise known as the New York 
mine and the Old Sumner mine, is in an adjacent tract, originally 
including about 15 to 20 acres of coal, now verging to exhaustion. 

The coal of this mine is mined without powder. It is mainly 
“crop coal,” and is consequently weaker and freer in the joints than 
the rest of the seam, resembling the Mahoning Valley coal more than 
elsewhere. It mines small, and is used exclusively by the Middlebury 
potteries. 

The mine of the Brewster Coal Company, in Coventry township, 
has but a few thousand tons of coal left at best, and this mainly crop 
coal of inferior quality. The mine is a continuation of Brewster 
Brothers’ Slope, already noticed. The face of the coal is N. 50° E. The 
seam runs as high as 6 feet in some of the swamps, but it averages 
about 4 feet. It is not generally worked below 24 feet. This coal finds 
its way to Lake markets exclusively. . 

On the line dividing the Brewster Brothers’ coal property from the 
Brewster Coal Company’s land, a deep hole was drilled in 1882, the 
depth of which was about 800 feet, at the time that the following record 
was obtained : 


Drift-clay and sand...........- zuseruesonessnnonerunnnnonunnnnsnansnnnonnunsnsensnnnne. 27% feet 
Sharon COAL .......0..cecccceescosccsce vocsscveseasecsece seseeeeeccccnscnccessscecesesees 44 “ 
Fire CIBY........0-ccecscsscscccesssececerccsscccceccecescavces #eseeeee sansenceressssssnese 4 * 
Sharon Conglomerate......... ....ssccccsccesssssssccssessscessscscscessosss sosesees 178 
Cuyahoga Shales—blue................oenssosononusnunsnunenenonsunnsnanunnnenunne „10 “ 
Berea Grit .....uuonsnenonsenonnannnnnsennansonnennnunnenononnnnnsnnmennennnnnnnt eesssouee 48. “ 
Bedford Shale, followed by Cleveland and Erie Shales—blue ........ ses“ 


The identifications are made by the Survey, but they will scarcely 
be called in question by any geologist, corresponding as they do with 
the sections of the outcrops everywhere. The conglomerate has an 
excessive thickness, but this formation has no normal measurement. 

The Lake View mine is one of the larger mines of this section, its 
daily output being 225 to 250 tons. It is operated by the Lake View 
Mining Company (Todd, Stambaugh & Co., of Youngstown). It is 
connected with the Valley Railway by a branch line. 

On the land of Charles Switzer, which holds part of the coal of 
this mine, the following section is found : 
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1. Drift ......cecvese ee ccecccccsees cess ee cceccconcccsccosccccs eves ecesccesecs os ceceeeese 2.0 feet. 
2. Yellow sand rock......coe os eceeccccecoees + Ceececsccccscccesocccesee ceccceces 14.0 “ 
8. Brown MU nnsnsnnuunsnunsennunsuensun cotececer sovecesonscccccecs concccoes 3.0 “ 
4 Yellow «= —__susssccsssssencsesssacocescenscsocnes saeeses satseceee cnssceees 2.0 * 
BH. Ooal ........ccscccccccecs cvcsccccscscecsevece coscavceetevcecces soscsscessecuassevecs 0.1 “ 
6. Blue shale....... ta secenssenccncsecacess cen eeeseeeeecoenes cocneeseevecececescecccs 2.0 « 
7%. Brown sand rock ....ccosocsssesscccccceccesscsccccns ccocss cesses cesessces scence 3.0 “ 
8. Yellow sand rock ......cccccsssevccccececccccecsccecs sossesees sesenece Leceecees 185 “ 
9. Light shale .............sccsccsssssescccssscccccsscecces vaesneses caccnseee cesceess 2.0 « 
10. Blue fire stone ............scccscccnccvcescccccccescecseerscecsccscceccecscsoencs 20 * 
11. White sand rock. .........cccocccs soscccsecsvccsccvcsccesssccetccccescnsccsasees 9.0 * 
12, Brown sand rock .......... bance scenes cesccccsesecees secess sececsecscnsceeccoess a6 * 
18. Rocky shale........... scscessscssccsccsescsccncccesrenssee sannenee vaveecens „100 * 
14. Black slate ............... Lennansssonssnnnnsnnuntennunoneseransnsansnnnsnennnnnenen 26 “ 
15. Coal .......ccssccocscccsscscccnce sovececes seccescsecevsceccccsseses gennunen sonnenenn 50 “ 


The upper coal, No. 5, of the section, is the representative of the 
Quakertown seam (coal No. 2), occurring here about 60 feet above the 
Sharon coal. Both divisions of the Connoquennessing or Massillon 
sandstone are seen in this section. This represents fairly this immediate 
district. 

The coal appears to good advantage in the Lake View mine. It 
yields only one-fourth of nut and slack, the slack exceeding the nut in 
the proportion of 3to1. Sulphur runs low in most portions of the 
coal, but there are parts of the mine where it becomes excessive. The 
face of the coal runs N. 25° E. Its mean thicknese is 4 ft. 6 inches. 
The coal is partially cut out by intrusive sand rock and shale in many 
places, but the normal cover of black slate is generally present. 

The average composition of the Lake View coal is shown in the 
following analysis (sampled by F. Keffer) : 


Coal of Lake View Mine (Lord). 


Moistur® .......ccccccccccscccccccsvccsccvcccceccescescsoces sucscsvecsvacens cessevccsccccevece 6.15 
Volatila combustible matter .........ssscssscsssoses sescrscescrcserscccecces cossececs „ 4067 
Fixed Carbon....c..ccccccccccccsscceccccccccccsssssessccasces es ecvenccecocccscncceseoscesees 52.00 
ABD. RR 218 
I _—_ 

Total .........00-scccvccceccccssccccvccesccccscccsscnces sesecenessececesecccccesscesccess ~ 100.0 
Sulphur .........0s0nens0nuenonsnunsnunnnnnnsnusersunnnnunnnun teseeees secsensesesseccses senses 0.80 


The Steese mine, also known as the Summit Coal Company g mine, 
has been an important one, having a present daily output of 150 tons, 
but its area is nearly worked out. It is connected by a branch line 
with the Valley Railway. In all general characters it agrees with the 
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mine last described. The face of the coal runs N. 40° E. It finds 
market mainly in Cleveland, being used as household, steam and rolling- 


mil] fuel. One-fourth is counted nut and slack. The coal mines large. _ 


Mines of Norton Township. 


The mines of this township are mainly of very different character 
from those already described, in that they are new mines, just coming 
to full efficiency. There are several large basins of coal already known, 
and there is no reason to doubt that other basins will be discovered ae 
a result of future exploration. 

The Dennison Coal Company (formerly, the Norton Coal Company) 
is now working a mine that was opened in 1881. More than 70 acres 
have been proved. The mine is making an output of 175 tons per day. 
It is connected by a narrow gauge railroad with the N. Y., P. and O. 
R’y, at Dennison Station. A part of the coal mines rather small, but 
that on the south side of the territory now worked is stronger and 
harder. 

The normal cover of the coal is, first, black “chip slate,” 6 to 12 
inches; second, gray shale or soapstone, of variable thickness, and 
third, sandstone. This element ranges in thickness from 10 feet up- 
wards. It frequently descends to the coal or even into the coal. Rock 
roofing is occasionally wanting altogether, only drift beds covering the 
seam. In such spots, quicksand is liable to be struck, which soon fills 
entries, and makes great trouble and expense. The shale above the 
coal is often soft and hard to keep up. The mine has thus poor roof 
throughout a good deal of the workings. 

Under the drift cover, the coal is sometimes found partly bleached 
and disintegrated, and too weak even to sustain the roof, let alone any 
other considerations of value. 

The average thickness of coal in the rooms now opened exceeds 4 
feet. On account of the weakness above referred to, the width of the 
rooms is less than in many mines, not exceeding 7 or 8 yards. The 
depth of the rooms is 60 to 70 yards. The pillars are “gripped” to 

ensure as much strength as possible. Most of the coal is mined by 
powder. 

The average composition is shown in the following analysis: 
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Coal of Dennison Mine—Lord—(Sampled by F. Keffer). 


MOIBture.......00. secccccccccsccetcucecce seecveccsccencecccccs soveenscecsrceccacccesencecen coset 50 
Volatile combustible matter .............cccccscsccscceccccccceccceces sconce scccnscscces 4021 
Fixed carbon ............ccccccccccecccccccccscccscccescccccteccesscscves snnnsennanennenennee 48.35 
ABD cecccccccccecccccccccccs secnes ences sucsscossccces cescccessseccccoustesces ses ger scenes . 64 

Total .......c.cccccsceccccsacccecceccens cetcscesvecssvecccescssccaresen senses caren seus: 100.00 
Sulphur ....e.eresssoenosnsonsunnnnsennunnnnanennn cee cccesceceeseneasensecceusconeecnserssens 3.07 


From these figures, it appears that the coal of this mine falls below 
the highest standard of the seam. The sulphur of the analysis is 
exceptionally heavy, and it is possible that there may have been some 
excess in the samples in this respect. The output of the mine is almost 
exclusively used as locomotive fuel. 

The Burnet Mine, operated by the Brewster Coal Company of 
Akron, has a lease on several hundred acres, 50 to 75 of which have 
been proved to be productive. There are probably 200 acres of coal in 
this basin. Coal was first shipped from this mine in 1882. It is now 
sending out 250 to 300 tons perday. Of the sections from the surface to 
the coal, of which 30 or more have been drilled, a fair average would 
show the order herewith given: 


Drüßt u innen esnn tocecs cece soosccsccccccccsevecs er feet | 

Gray Shae LIE: gp gp «| Average depth of 
Black chip slate............ccssssssscoscosseessseescesseees 28 * | coal, 60 to 70 feet. 
Coal ..cccccecccccceccccscccs cescscccnssnscoes cones eceeccesoee 4-5 * 


Fire-clay or “gannister’’. 
Sandstone. 

The rider seam, coal No. 2, is cut in many drill-holes. It is 12 
inches thick, and 45 to 50 feet above the main seam. There is usualls 
no rock above the rider. . 

The roof is fairly regular and strong. The face of the coal runs 
N. 30° E. The seat of the coal is generally clay, but in places it iss 
very hard rock, like gannister, striking fire with the pick. The thick- 
ness of the coal probably averages 4% feet. Its limits, as worked, are 6 
and 3% feet. Powder is used in large quantity, viz., at the rate of 1 keg 
to 20 or 30 tons of coal. No undermining is done, and but little cutting, 
the whole work being done by the powder. One-fifth of the coal is 
estimated to go into slack, and one-tenth into nut coal, making 30 per 
cent. for the two. There is a good deal of “ white cap” in the seam. 
This is popularly connected with a disposition to “ run on the grate,” 
but it is not really responsible tor this bad characteristic. 


MASSILLON COAL FIELD. 785 


The mine is connected by a branch with the N. Y., P. & O. 
R’y, and also with the Tuscarawas Valley R’y, and most of the output 
finds its way to the lakes, where it is used as a steam coal. Its compo- 
sition, which is shown below, is seen to be somewhat exceptional for the 
seam. It agrees, however, with the analysis of the Dennison coal, 
already given. The figures are as follows (Sampled by F. Keffer): 


Coal of Burnet Mine (Lord). 


Moistur® 2.2... sccccnsccccescccssscccneacecvaccvccnscccccccescccce:.coressacccecesouscvecevosces 6.62 
Volatile combustible matter.......... ....cccccccceccccccscccseccesectsces sevecseccees 38.28 
Fixed carbon............ score: onnssensnsnenunsnnunsnunensnnsnenuenunsennnnnenuen eveeeseers 49.74 
Ash ..... ..cceccscccccccscccccsccccescceccceccns veccevccetocces seccasccceescescc:snscescosecscooes 6.88 

Total .......css00cescccecsscccevcccccveccnce sccccscentoecesseccescecsnesccccssccenseseesace 100.00 
Sulphur .........005.ccc0 ceceees Tnassnnen nennen scares censeetecceaeceooasens sees sseseceresescoeas 1.04 


The Excelsior Coal Company, frequently known as the Wagoner 
Coal Company, of Akron, has both a slope and a shaft mine, which are 
located, respectively, in section 1, Wadsworth township, and on lot 81, 
- Norton township. This mine finds its outlet, as do also the two 
previously described mines, by the 8 miles of branch railroad that con- 
nects the New York, Pennsylvania and Ohio Railway with the Cleve- 
land, Lorain and Wheeling Railway. The mine was opened in 1881, 
and has been pushed vigorously since that time. Its daily output is 
600 to 700 tons, and on August 24, 1882, 1,201 tons were taken out in 
9 hours’ time, and loaded into 79 flat-cars, which is believed to be the 
largest output ever made in one day by any mine in Northern Ohio. 
The only extra force employed was 4 drivers and 4 dumpers. Such a 
fact attests the good condition of the mine and the general efficiency 
of its management. It is under the charge of Frederick Ries, Superin- 
tendent. 

The coal reaches an extreme thickness of 7 feet in the swamps, but 
this figure applies to but very small areas. It averages about 44 feet. 
It is worked down to 3 feet. In an entry, all but 6 inches of the seam 
was lost at one point. Fully one-third is left in the mine in the terri- 
tory that is worked. 

The usual cover of the coal is shale, which reaches a maximum of 
15 feet, over which a stratum of sandstone is generally found. The 
sandstone descends frequently, as elsewhere, at the expense of the shale, 
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and even of the coal. The rider seam, Newberry’s No. 2, is often 
found 30 to 50 feet above the main seam. It seldom exceeds 18 inches, 

A hill was struck in the main entry, in which the coal rose 15 feet 
above the usual level, and fell as much on the other side. The entry 
was cut down, showing, under the fire-clay, 14 feet of bluish-black 
shales. The fire-clay is plastic at one or two places in the property, but 
it is generally sandy and hard. | 

The composition of the coal, as sampled by Professor A. A. Wright, 
is as follows: 


Coal of Excelsior Slope (Lord). 


Moistur® .......cccccscoccccoecces coouscosccsecccccccecccssccecceccestcececcce ecvscececeseseces 6.10 
Volatile combustible matter ..........0.ccccseccecccccscesccccssccsssececcceces sanonnune 87.01 
Fixed carbon .......0:ccccccccccccccccccscvcscccesccsssenscccecccce coccceses scceccsce consccees 51.00 
Ash .....cccccsncccccccescccecccsccccersenscesee secsoscescoseccas rennen soseessencocesssssccccouce 5.89 

Total .......cccecccccccccscscscccscce cuonercccccscescecccnccevesscccesesscaccscscsovcscecs 100.00 
Sulphur ......ccccesccecesscssccccs sonvsscessenseccnscsessscececesssoes sannensnnannensesnensnnnne 1.69 


These figures show the coal a little nearer the usual type of the seam 
than the laet two that were given, but it is still seen to be higher in water 
and ash than the best representatives of this field. 

The coal is largely used by the N. Y., P. & O. R’y as a steam 
coal. It supplies in part the Akron rolling-mill, and much of it finds 
market in Cleveland as a domestic coal, and also as a Jake coal. It is hard 
and strong, mining large, and carrying considerable “ white cap” in its 
seams. There is apt to be a little bone coal at the bottom and also at the 
top of the seam. 

Royalty averages about 20 cents per ton. It has mainly been paid 
on the weights of the small scales hitherto, but the growing practice is 
to pay only on clean coal. ~ 

The Diamond Coal Works, formerly known as the Humphrey’s 
coal mine, is in Wadsworth township, near the main track of the N. Y., 
P. & O. R’y, and about 1 mile west of the township line. This basin 
originally contained about 150 acres of coal, of which 100 have already 
been mined out. The mine was opened in 1869. It is reached by a 
slope of 225 feet in length, the coal being about 75 feet below the surface. 

The coal has the usual strength and quality, except upon the western 
boundary, where it is soft and rotten. It is mined by powder, with but 
little use of the pick. It has an average thickness of 4 feet, ora trifle 
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less, the swamps yielding 54 feet. The face of the coal runs N. 20° 
East. The roof of the seam is slate and sandstone, as in the mines 
already described. The slate is sometimes weak and troublesome. 
Sandstone often replaces it to the advantage of the mining. The little 
rider seam is found in many bore holes at 30 to 40 feet above the main 
coal. The floor is either fire-clay or the flinty gannister already 
described. The latter is about 1 foot thick where it occurs. The dip 
is to the south and east, and is sometimes as much as 15 or 20 feet to 
the mile. | 

The coal crops out in the creek below the railroad, but is not mined 
except by the shaft. 

The output is largely used to supply a local demand and for the 
supply of adjacent villages and towns along the line of the railroad. 
In the winter the mine produces 200 tons per day, but in summer the 
production is not more than half of this amount. 

The slack is all filled out and sold. It makes about 20 per cent. of 
the total output. The nut coal is generally sold with the lump. 

The composition of the coal, sampled by Professor A. A. Wright, 
is as follows: 


Coal of the Diamond Coat Works (Lord). 


Moistur® ......cccrccccccce vecces scccccccs sccenc reccecccsccceeos cues seccessscccccscce tessesone 6.25 
Volatile combustible matter .... ......ccccccccsccccccs ceccccccscccccccccessececsccecce 36.75 
Fixed carbon ... zeosseseossnnnausensnnonnnnnnnsnsnannnenssnonsnnnnnnsunsnnnnnen sores seeees 58.12 
Ash 2.0... .ccccccccccccenccccsccvecccsccseccccccssccece cece evcceccccsceces nannan een rennen nennen 8.88 

Total ....ccccccccccsceccccccrccccceccccecces secccccnsccscesccccecccconsecscesecsecsen: ses 100.00 
Sulphur .......oosnsssssa.osuonsnennnnonnansonnonsnanusnnnnununene sonsansnn sonnsnanenonennenn 1.44 


These figures indicate a coal fully up to the normal character of the 
seam for this district. | 

Shaft No. 2 of the Silver Creek Mining Company is situated 1} 
miles north, and 14 miles east of Wadsworth, the tributary territory to it 
being embraced within sections 16, 10 and 11, Wadsworth township. 
It is a new mine, opened in September, 1882. Probably 100 acres of 
coal, from 3 to 5 feet in thickness, will be found included in this basin. 
It is a strong, hard coal, with close end joints, and is mined by powder 
with but little use of the pick. 

A band of pyrites is of frequent occurrence in the roof, immediately 
over the coal. Above the sulphur band lies a firm silicious rock, called 
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 firestone, 6 to 12 inches thick, which is covered with shale or soapstone, 
15 to 25 feet thick. Sandstone has not been found over the coal thus 
far. The floor is fire-clay, which is thicker than in many of the mines 
of the district, ranging from 2 to 5 feet. Thus far the mine has yielded 
1 car of slack to 5 of lump, and 1 car of nut coal to 7 of lump. All 
the grades are taken out and sold. 

The coal reaches the market by a branch track from the N. Y.,P. 
& O. R’y. 

An analysis of the coal is given herewith, as sampled by Professor 
A. A. Wright: 


Coal of Shaft No. 2, Silver Creek Co. ( Lord.) 


MiSture .....cc00 ceccc-coccccccccccccscnscccsccce ccccvccsveccccccsscccccucscesecscscccsccsace 5.38 
Volatile combustible matter ...........cccsecccsccescasccscccsesee ssosccess ccvccsens . 88.22 
Fixed carbon ......ccccccccscccsecce teccccccecsccccececevecccoccccccscscecs snseccene nenne „ 49.77 
ASD .....c.ccccccccccccccces sacccesccccecccaceccccccccssccccscecseccccoescessoseusceseccccerseces 6.63 

Total .......cccecccccccceccscsccccscescvecccccsccccsccesses onmonon sescceccscecsccsccecs . 100.00 
Sulphur .........ceccescssse-csceccensscccercaccsnene cecvesces soeeesses srsscsces sasensenecceces 1.91 


These results associate the coal with some of the Norton township 
mines previously reported. The output is calculated to be 200 to 300 
tons per day. 

This company has other undeveloped coal property in the township, 
on the Hinddale and J. Overholtz farms, in sections 7 and 14. 

Many of these facts are derived from Mr. E. G. Loomis, of Wads- 
worth, the Superintendent of the company, who is probably better 
acquainted with the coal of this immediate territory than any other 
person. 

In these two townships, Norton and Wadsworth, there are several 
mines in addition to those already named, that have been the sources of 
large production, but which are now practically exhausted, and there 
are also several smaller or country banks. 

To the first class belong such mines as the Burgess and the Bartger 
mine, and to the second, the Stuver and the Bees and Morgan banks, 
all of which are in Norton township. Most of these are old mines, for 
this region, having been worked 30 to 40 years. A body of coal, not 
yet shafted to, is reported near Hametown, Norton township, on the 
lands of Bodin, Steinbring, and Jones. Another body is reported on 
the J. Ballard farm, of Sharon township, north of Wadsworth. It is 
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claimed that 40 or 50 aores of 4 feet coal have been proved here by the 
Warner drillings. 

The Wadsworth Coal Company mined coal on quite a large scale 
from 1869 to 1874. Their territory was adjacent to that of the Excelsior 
Slope, already described. The coal was exhausted from the Wadsworth - 
Company’s boundaries. 

Chippewa township, Wayne county, lies directly south of Wads- 
worth, and Baughman township, of the same county, lies next south of 
Chippewa. These two townships are the only ones of Wayne county 
that are known to contain the Sharon coal. In them the seam is an 
important one, being now worked in a number of large shipping mines. 
A large acreage has already been worked out in Chippewa township, and 
no basins of large size remain unattacked, but mining has been begun - 
in Baughman township within the last two years. 

The chief mines of Chippewa township are the following: 


The Chippewa mine (old), in section 86, exhausted. 
' The New Chippewa mine, in section 85. 
The Silver Creek Mining Co., in sections 13 and 14, exhausted. 
The Lantz mine (operated by Silver Creek Co.), in section 2. 
The Woods mine (formerly owned by Silver Creek Co.), in section 16. 


The Silver Creek Mining & Railway Company have built a branch 
railroad, connecting the Tuscarawas Valley R. R. (now the Cleveland, 
Lorain and Wheeling Railway) with a branch of the New York, Penn- 
sylvaina and Ohio R’y, which leaves the main track a mile east of 
Wadsworth. The length of the combined line is about 8 miles. By 
means of it, the Diamond, Excelsior, Burnet (Brewster), Lantz and 
Woods mines all find outlet to either of the main lines. 

The line of the road passes near the corner of the three counties, 
Summit, Medina and Wayne, and a little south and east of Doylestown. 

A brief description of the leading mines of the township will here 
find place. sO 

The Lantz Shaft was sunk in 1875-6. It is now operated by the 
Silver Creek Coal Company, of which Mr. E.G. Loomis, of Wads- 
worth, is Superintendent. It has probably 75 acres of coal connected 
with it. More than 30 acres have been already worked out. The 
maximum thickness of the coal is 6} feet, and it averages 4 to 44 feet. 
A considerable proportion yields 5 feet of coal. The quality of the 
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coal is good. It mines large and bears handling well. It is mined by 
blasting from the solid. 

The roof is for the most part slate, and a streak of bone often 
covers the coal. A thin stratum of sandstone sometimes lies near the 
coal, and at the outcrop it is very flinty and hard. 

The floor of the coal is a black slate, 5 to 8 inches thick, under 
which the gannister-like bed, already reported, is found. The bottom 
is very uneven. At one point, there is 21 feet fall in 25 yards. 

There is more visible sulphur in the lowermost foot of the seam 
than elsewhere. 

The market of the coal is mainly on Lake Erie, which it reaches 
by the Cleveland, Lorain and Wheeling road, the eutput being about 
250 tons per day. It is valued as a domestic fuel as well as for steam 
production. 

At a shaft in the southwest part of the basin, the rider seam, No. 
2 of Newberry, is found, 23 feet thick, and 63 feet above the main 
coal. It is 12 feet below the surface and has no rock cover. 

This mine was filled with colored miners from Virginia at the time 
of a strike over the introduction of screens, 3 or 4 years since, and 
they are still retained. 

The Woods Mine is located on section 15. It was s formerly owned 
by the Silver Creek Company, but is now in the possession of Bay- 
singer & Huffman, of Doylestown. It is an old mine for this district, 
having been open for 40 or more years. As many as 50 acres have 
been already mined out. It is entered by a drift entry, the coal lying 
50 to 60 feet above the railroad. 

The coal is of good quality, mining large and bearing transpor- 
tation well, as a rule, but the lower part of the seam is sometimes a 
little short-grained and curly. It ranges in thickness from 3} to 9 
feet, and the average will exceed rather than fall below 4% feet; of the 
maximum thickness, 9 feet, not more than } acre is claimed. There is 
very little that is 7 feet thick. The mine is now taking thinner coal 
than in its earlier days. A little “bone” is sometimes found at the 
top of the seam. This phase is said to be connected with a sandstone 
roof. Generally, a black slate, 2 to 15 feet in thickness, is the im- 
mediate cover of the coal, over which is the usual sandstone stratum, 
which in one drill hole was 30 feet thick, but in some places, a shale 
comes down to the coal. 
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The floor consists of a dark-colored fire-clay, of low quality, 
about 4 feet in thickness. 

The coal is mined mainly by powder, and at the present time, as is 
stated, only 1 car in 12 is slack, but formerly 1 in 8 was slack. 

The coal finds market largely at Lorain, by the C. L. and W. R’y. 
It is used for steam coal on the lakes and also as a domestic fuel. Its 
production ranges from 60 to 80 tons per day. 

The New Chippewa Mine lies west of the old mine of the same 
name. It is working towards the old mine, and it may owe ite freedom 
from water to the drainage effected by the excavations to the east of it 
which overlook the Tuscarawas Valley. The new mine is located on 
the Cleveland, Akron and Columbus Railway, by which its coal finds 
market. About 500 acr s are tributary to it, and 30,000 tons of coal 
have already been mined from it, but there is only a small acreage of coal 
remaining. The average thickness of the coal is above 4$ feet, and will 
run close to 5 feet. It has the usual strength and hardness of the seam, 
especially where it has the protection of a shale roof. This is some- 
times replaced by sandstone, at the expense of the coal. The shale re- 
ferred to above is dark-colored, quite sandy, and breaks large. A few 
inches of bone frequently cap the coal. When this occurs, we find 1 
foot or more of black slate succeeding, and then from 5 to 40 feet of 
shale or soapstone. A white sandstone is next above, and higher still 
the rider seam is found, about 65 feet above the main coal. 

The floor is not a true fire-clay, but is a hard shale, close under 
which the pebbles of the conglomerate frequently are found. 

The mine is entered by a drift, the coal lying 40 to 50 feet above 
the railroad, and the hill 100 feet higher. The coal is mainly sold for 
domestic use in Cleveland, though a good deal is distributed along the 
line of the railroad. The mine is producing 150 to 200 tons per day. 

The coal has the usual strength. Much of it carries white cap, 
and some pyrite is visible, mainly as leaf sulphur. 

Its composition as sampled by Prof. A. A. Wright is shown in the 
following analysis : 

Coal of New Chippewa Mine (Lord). 


Moistur® .......ssecccsccscccscsccccascccnscccvcccesrecccecccccccceccccecscensceccsecscescecces 5.48 
Volatile comb. matter ........0.ccccc.cecccccccssccccccccccccscccccsrcccecscesoccrecscces 88.42 
Fixed carbon .........cccces cecccccccccccccccccccs ronanune secccecececacccccccnccccnccccess 51.20 
ABD) ...... cccccccccccccescccccccsccesscccsvcvescseerccvecsseeaessescescccensconsssesssccsencccecs 4.95 

Total ...ccccccsscccsccccccccscoccsccceccsccccceccccosecscsceccece scsscece sscnscsecovescees 100.00 
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The coal of the old mine was widely known and valued. It was 
styled the Blue Chippewa Coal, the designation coming from the ap- 
pearance of the coal at the outerop of the seam. 


The facts as to this property were kindly furnished by Mr. Phillip 
Sonnhalter, one of the proprietors, who is thoroughly acquainted with 
this whole field. 

The Fox Lake Mine of Baughman township is located in section 
12. It is about 2 miles direotly south of the old Chippewa mine. It 
is reached by a branch of the Cleveland, Akron and Columbus Rail- 
way, about 2% miles in length. 


There are 500 acres under lease by the company, and it is counted 
‘that 100 acres, more or less, hold the coal. There has been already 
mined 50,000 tons, though the mine was opened but two years ago (May, 
1881.) The output is 250 tons per day, and the capacity 500 tons. 
Three-fourths of the coal] finds market in Cleveland and on the lakes. 
It has the average thickness of the seam, 44 to 5 feet. The coal is 
steady in quality, is strong and hard, and comés out well from handling. 
The royalty is 10 cents per ton on ‘all the coal sent out. 


The roof, as shown in the slope, is slate or shale, covered with 15 
feet of sandstone. The rider seam of coal was found in many of the 
drill holes, generally holding a thickness of 13 inches. 

The floor is slate or hard shale for 6 inches, under which 4 feet of 
fire-clay are found. The clay rests on a conglomerate sandstone. 

The upper part of the seam is somewhat long-grained and makes 
a little more ash than the balance. The lower 3 feet of the seam is as 
fine a coal as is yielded by any portion of the field, and the whole seam 
shows unusual excellence. The analysis of the lower part, taken by 
itself, is given herewith, as sampled by Prof. A. A. Wright: 


Coal of Fox Lake Mine, lower 3 feet (Lord). 





MOiBture ......ccccccccncsccccccecccccs sovcccees cccesscccacceccces savcececescccescecscccctcccses 6,87 
Volatile combustible matter.............. ccccesceccescccccccccces cases secece annananee 36.96 

. Fixed CArDOn.......cccccccccccccsccecccccccccecscccvcccescccersccecccses seaccecccsecsecces „ 66.50 
ABD .cccoccccscccccrccccscccccccceccccccscccceccccccsescoceecscetccces seveeseeesecesnsccecs conces 1.67 
Total.....ccsccocsecccsacsovscceccscccsececccsccscescseces cestesccveseccccceccseeccesconess 100.00 
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By taking the whole seam, a little larger quantity of ash is found, 
but the sulphur still rans very low, as shown by the figures given below: 


Coal of Fox Lake Mine, whole seam (Lord). 


(Sampled by Prof. A. A. Wright.) 


MOISture......cccccscsorssncccnccsce coscccccccsccceccccvecevecccnccesscescessvcccocosceseseses 5.92 
Volatile combustible matter...........cccccccssccccssccscccscsccvseccccceveccessececces 87.72 
Fixed Carbon........ cccccccesccccccsesccccccccrscccccecesescsccescvcccccesecascccessecccence 58.74 
Ash... ccccccccc ssccvccccccccscccsccccccccsces suscocece cesvcccescsosencccveccssecouscsccccceceees 2:62 

Total......cccccccsescccccccrcccccccce cones ccsccccncccccccccccccccsscssccccescecccsceeacecs 100.00 
Bulphur............cesccccocccsccsvecccnscccsccessceccssesscsecs sonne secsescecsensesces cesses 0.68 


No better coal is yielded by any mine of the Tuscarawas Valley 
than these figures indicate the Fox Lake Coal to be. 

The mine yields at present 1 car of slack to 7 of lump, and one 
car of nut coal to 9 of lump coal. There is a little undermining done, 
but powder is expected to do most of the work in bringing down the 
coal. 

The best rate in the use of powder is 1 keg to 35 tons. Much 
more is often used. The cost for powder to the miner is thus 10 cents 
at the lowest, per ton. Good miners put out 3 tons of clean coal 
per day. The elevation of the coal is 457 feet above Lake Erie 
by one railroad survey, and 454 feet by another. This puts it 
at approximately the same level as the Chippewa and Lester mines, 
which are near it. The Lower Mercer limestone crops out in the high 
ground above the coal. . | 

Many of the facts in regard to this mine were kindly furnished by 
Mr. J. B. Zerbe, of Cleveland, Secretary of the Ohio and Pennsylvania 
Coal Company, of which the Fox Lake mine constitutes one of the 
properties. The latest reports from it, indicate that a limit will soon 
be reached to the southward, the floor being very uneven and the coal — 
being often cut down to 1 foot, or even to less. / 

The explorations by which the coal was proved and developed are 
the last successful ones in this field. Access has been given to the 
records for the use of the Survey, and a brief statement in regard to 
them will be made, as illustrating the methods employed and also as‘ a 
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guide to future work in this general field. The following diagram in- 
dicates the location of most of the test borings: 

The surface elevations are referred to a base line, 47 feet below 
grade of Cleveland, Akron and Columbus Railroad, at junction 2 miles 
west of Warwick. 

Track at shaft, 67 feet above base line. Coal at shaft, 455 feet 


(approximately) above Lake Erie, or at about the same elevation as 
coal in Chippewa mine. 
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No. 1.—660 feet east of shaft. 


Earth ...... ....02.. ssscsccescosscccssccsenecencvcscossecoscscccesesessssccesers 2 feet 
Black Shale ........ccccccccccsccscecsccsccecccsccccecsensersosssscesccecsenes 16“ 
Slate. 
Coal (Quakertown, or No. 2)......scsvsscssseccsscscevccescecsesscoees ~ 2 
Fire-clay ...... c.coscocccocscscccssscnsscosccccsessecssssenssssce senses cocsecss 7 “ 
“Black band ” (dark shale).......sssscossssccssscscee csessccessesvessee 46 * 
Hard sandrock .........00ccsoscece cocscescs seccsccssccscccccsceseessseceres 18 
Soft rock and slate.......c..cccsccessccscescecsccesssveccceccsocessssescces 2 * 
Coal (Sharon, or No. 1)..........-ccsscsesscsserssceecsccsecsscen cose we 84 to 44. 
No. 2.—Record incomplete. 
Quakertown COA] ......cs.cececsccscsccescccccc cases cvevcvsssseesss 2 feet 2 inches. 
Sharon COa]............cccs0e secccces covscsonscsserccssecscsseceecs 0 “ 4 “ 


Latter, at a depth of 117 feet, 8 inches. 
No. 38.—£urface elevation, 87.16 feet. 


Surface ...........cceccscveevcecessecves Lance cccccecences sonsansunsnnnnnenn nee escees 2 
White Shale or slate............... eacevens cevccccesccccescesceccssseesensesecs 6 
Black slate .........cescscccessccecccvescscs socsccccetesces socses concen snsscecseecs ~ 1 
Grindstone rock ......scccccsoesceovecccccescccccvccscsccccccscscocescsss sesseses 9 
Black slate .........cccccsccsccecsevescessececscecs be ccccccseccccccsecesencse nenne 1 
Coal (Quakertown) .........scssscarssscsscesscesscsssescsescscccsscsssscess ae 0.8 
Fire-clay ........ccrccccrsecsecscccscceccccccscnscescsccncescsssscscscecnecscscecccase 5 
“Black band ’’.........ssccsscccsccssescsesccesccccscccccscoosecs IOLERPPPETTFFTELT 42 
Hard, white sand rock......ccccsscosssessccsccscsscccesece seosstsesccscsceess 18 
Slate ...... .ccscserscsccevccccccvescccccvcsccscnsecs nuonnanen seccee snanensns nenne PEPPER 1 
Coal (Sharon, or No. 1) .........scsccocsnscescscccccesscesscercsccoscesensecess 48 


No. 4.—Fifty feet east of shaft, and under railroad track. 
Elevation of surface, 66.54 feet. ' 
Record incomplete. 
Sharon coal, 54 feet, at depth of 56 feet. 


No. 5.—Six hundred and fifty feet south of shaft. 
Elevation of surface, 70.61 feet. 


Earth ...... cece ssccecscescccsscsscnscccnscecees annsanann seecee sassns sesecssesseeens 4 
COal ......scscessosscccccsce cecescercssessseescecessevescns essceses PERFEPRPFRPRRURR - 08 
Fire-clay...... zonansuen cesses sceccescees sascessesccescecsens AIEFPPEFFEPEFFPRBRRRER - 4 
Gray SlAte..........00-sscscccsccssccees sannuonnunnonnnensnonnunsonsnnsnenuunnuneuee 4 
Gray BONE .......cccccccscsccsscecnecscses: -sonscees coseee senannnen sanner seveesseses 4 
Black band” ..........cccsscescssccscscccscsscsececsscscnens bos secccsesceesecess 30 
Hard sandrock . ..........seessesees eo ececce seeseccsscecccecs sense b sessenscencs „18 
Coal COVEr .......ccseccsccce sconces ccssrscccscscsscoesessessasccccessesseses sesees - 7 
Coal (Sharon) ......ccecsccscscscsccoses eeenceccecescncenccecccescssonscecone coos 74 


Nore.—A room cutting through this seam showed coal, 8 inches; smut, 14 
nches; coal, 54 feet. 


No. 6.—Surface elevation, 86.27. 
Sharon coal struck at 764 feet, 5 feet thick. 
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No. 7.—At office. 
Surface elevation, 97.1 feet. 


Yellow clay .......cesccscsccscssscrsccccrcccssserccesescccscces nonnonssnannene 20 feet. 
White clay..........cccsccscocesssees sonen nsansansonsnnunsansansssnnnennnunsee 4 * 
Blue, soft BOMpStOne............ssecssscsevarvssccsccccceseceveses sosscoseeces 6* 
Dark-gray sandrock............csscccssscsscocere cones sannuneonnonnenununee 4° 
Black slate mixed with coal ...........s.sssscces sovsosecs snanonosnencnen 4° 
Gray sandrock .......cccccccessescssccecescescsccecs \annnsssnesnannensnuensen 6“ 
Fire-clay .....esssasoosassesssonnnonennennnannnssensannnnunnnnanenensunsannsnnane 5“ 
“Black band ’’.........00cssesceccssesccsces serene sccescersscscoeces sescesces - BH ° 
Hard Sand rock .........sccccsccccsscsscerscsscccevees Lesnsnssuonssonsennunen 6° 
Coal COVEF.........cccccssssscccccensssrecesesacn seneesses senses caters cecconses „RB“ 
Coal ........scccscesccrcscssscscecscssssscsccsccnsscsccnes senses tenses consessecoes & ° 


No. 8.—To coal and stone mixed, 98 feet. 


No. 9.—Two hundred feet west of shaft. 
Surface elevation, 72.08 feet. 


Surface ......ssscccsccccsccscecccsccsccccnccscsceces secncs cosas sesaseess cncnecessocsecs 15 
“Black band ”’........ccccccsccscscscscesccsccvcesceccaseseves an sonennnnnunsnnnnennen 10 
Dark sandrock ......... 22002 csccsccsecscccsccccccccceccccsccccescaccccscccscccccncess 6 
Hard white sandrock ............scscccecscccocs soceneccscascesccscecscccesccsees „14 
Coal Cover ..... » onsnonenenunsnunnnnennnennnnennannennnnunnene socseecceccccccscoses . 12 
" Boft slate........ccccceccscsssscecssscessccsescssssccessscescns eeeceseeccsoesces eoeee . | 
Clean COal ......ssscsesccsescccecsscecestacces cesses secerecceccccccasececcesseccsens se 56 


We have thus far followed the outer margin of the Massillon cca. 
field. Returning to the interior townships, we find this coal mined in 
Franklin township, Summit county, and also in Lawrence, Jacken, 
Tuscarawas, Perry, and Sugar Creek townships, of Stark county. Some 
of these townships constitute the western margin of the field. 

A brief account of the mining industry of these several township: 
will here be given. 


MINES OF FRANKLIN TOWNSHIP. 


The most important mine of this township is the Nimisila mine, 
now operated by the Nimisila Coal Company of Cleveland and Ms 
sillon, Robert Rhodes, President. There are about 300 acres of land 
under lease to the company. The present company began work in 187, 
and when the mine is in full operation, 125 men are employed, produci; 
175 to 200 tons per day. The mine has been worked for many year. — 
and the largest estimate of the present owners does not exceed 40, 
tons for the available coal remaining. Operations are suspended at the 
present time, and when resumed the coal will probably be worked ou. 
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The coal is fully up to the best standard of the seam in quality and 
strength. It is quite uniform in thickness, ranging from 3% to 4 feet. 
There is no excess of sulphur. 

The roof is sandstone oftener than shale. The face of the coal 
runs N. E. and S. W. 

The mine is entered by a slope, and has but a single entry. It is 
drained by a 6-inch pump, but is flooded whenever the working is sus- 
pended. It is connected by a branch railroad with the Cleveland, 
Akron, and Columbus R’y, and also with the canal. It is located in 
section 15. Other openings have been made to the coal in the same 
section. ' 

The Franklin Slope is a nearly exhausted mine in the same vicinity. 

In the southeastern part of the township, near Manchester, in sec- 
tions 26 and 27, coal of good promise has been found by boring. There 
are about 200 acres in the basin, as is supposed. Brewster & Sons’ Coal 
Company holds a lease upon it. 

Coal was once mined on section 34, and it is also known to underlie 
section 33 in mineable thickness. 

- The Johnson mine, in section 1, connected with the mines of 
Coventry township, comes under the general description already given 
of that field. 


LAWRENCE TownsHip, STARK CouNTY. 


This township is undoubtedly the most important of the entire 
field, or at least has been so. Fourteen more or less important mines 
have been opened within its boundaries, and while several of them have 
been exhausted, there is still a large production of excellent coal. It is 
this township, in fact, more than any other, that has given character to 
the entire field. 

Following the Tuscarawas Valley from the northward, we find, on 
entering the township, a number of partially or completely exhausted 
mines in the bordering hills. 


The Lester Mine (situated in the north part of fractional section 6) 
belongs to the same basin with the Chippewa mine, or, at least, to one 
closely connected with it. It was worked as a railroad mine for some 
years, but at present it is only a country bank. The Crawford Coal 
Company had possession of it in the time of its largest development. 
The coal was found to be soft, and was mainly used as a steam coal on 
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the Tuscarawas Valley Railroad (C. L. & W. R’y), but at present it is 
used with acceptance as a household fuel by the farmers of the 
neighborhood. The coal is mainly under light cover. It holds az 
average thickness of 4 feet. It lies about 100 feet above the Tuscarawas 


Valley, and 448 feet above Lake Erie. There is considerable terriun — 


adjoining it that is high enough to hold the coal, but no thorough 
explorations have been reported. 


‘ Tue DEEP BorRING ON THE WAGNER FARM, NEAR CANAL Fo tts. 


It is within a half mile from the Lester mine that the deep drilling | 


has recently been made, at the bottom of which it was claimed that 
6 feet of coal were found, at a depth of about 400 feet below the level 
of the Valley. The drilling was made by Messrs. McFadden and 
Campbell, of Canal Fulton, and the find was reported about the middle 
of October. As many of the letters and dispatches were dated x 
Akron, the claim has been connected with this town, and the “deep cvs! 
of Akron” has acquired a wide-spread noturiety. 

It appears that traditions of a coal-seam, far below the Valle: 
level, have been current in the neighborhood for the last 50 year 
They all go back to the drilling of the deep hole for salt water bys 
former resident of the Valley, now long since deceased, named Krof.. 
The date of the drilling was 1823-4, as nearly as it can be fixed. 
There is no one now left in the Valley that claims to have seen the coal. 
and but few that claim to have heard of it at an early day. A letie 
recently received from Mr. Peter Kroft, of Winnemac, Ind., son of te 
man who drilled the hole, is explicit in its denial of any coal bein; 
found in the boring. Mr. Kroft declares that he remembers all tke 
history of the boring. He says that the rock was reached 8 feet below 
the surface, and that it held uninterruptedly for 400 feet, and that nm. 
coal was found at any point. 

The samples brought up by the present drillers from the hole, beirg 
bright and lustrous and not soiling water, were pronounced anthracite bs 
parties near at hand, and probably in accordance with this view, s 
chemist of the neighborhood found more than 80 per cent. of fixed 
carbon in them. A true analysis, made by the Chemist of the Sarver. 
showed less than 50 per cent. of fixed carbon, and made the compo- 
sition agree closely with the so-called albertite of- the Ohio black shale. 
to the level at which this product is often found the boring had pea 
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trated. The small fragments, first analyzed by the survey, also agreed 
fairly well in physical characters with albertite, and gave color to the 
view that had been already suggested, that one of the thin sheets of 
this substance that the black shale contains had been accidentally met in 
the drill-hole. Other and larger samples, afterwards received, dis- 
proved this view, however, and established the character of the mineral 
brought out of the hole as true coal, containing mineral charcoal and 
distinct traces of vegetable structure. The coal was of the type of 
the Pike Run or Coshocton coal, the Middle Kittanning seam of our 
series, and No. 6 of Newberry. This seam in eastern Ohio approximates 
to pitch coal in composition, containing less than 50 per cent. of fixed 
carbon, and more than 40 per cent. of volatile matter. The albertite 
of the black shale gives quite similar results. The analyses referred to 
above are the following: 


No. 1. “Albertite,” from Black Shale, Avon Point, Lorain Co., O. 


é 2. [1 &é é“ 6¢ cs 

“« 8. Coal from drill-hole, samples rec’d from I. M. Taggart, Canal Fulton. 
“4. “ nn R. 8. Paul, Akron. 

“ 6. “ “ “ John Campbell, Canal Fulton. 
“6 “ Blue Rock mines, Muskingum Valley. 

“4. “ Pike Run mines, Tuscarawas county. 


All of them were made by Professor Lord for the Survey. 


1 2 8 4. 5 6 7 

Specific gravity..........cceseee 1.251 |......... „| 1231 | 1.276 | 1.282 |........00 Jereennon. 
OIBtUrE .......cccercece ssseecees 3.8 4.42 2.3 8.66 2.06 8.50 2.69 
Volatile combustible matter| 43.5 41.08 | 48.0 45.54 | 48.88 | 46.44 | 44.74 
Fixed carbon or coke......... 50.6 52.65° | 48.70 | 47.70 | 49.50 | 45.87 | 46.95 
Ash .....22000: sescerccvencccscececs 2.6 1.85 _410 10 8.00 4.11 4.9 5.62 
Total .......scccccscercscceceee 100.00 {100.00 100.00 00 100.00 {100.00 100.00 u 100.00 ‚00 
Sulphur...........emsosessoosceeserlononnenncn 1.19 |.euscosooon Jarnannoncne 0.70 3.84 8.09 


From an examination of these figures it will be seen that No. 3 
the coal from the drill-hole, furnished by I. M. Taggart, Esq., Canal 
Fulton, keeps well within the figures of the Avon mineral in every 
particular. Its ash runs very low, and its specific gravity is also 
low.- The remaining analyses of the coal brought out of the hole, 
viz., Nos. 4 and 5, show an increase in the ash, which is the most dis- 
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tinctive element, and thus bring the samples up to the level of the 
ordinary coals of several of our well-known fields. 

The depth of the so-called “find” below the Sharon coal that 
overhangs it, in the Lester and other mines, ranges from 475 to 500 
feet. The claim made by some that the “ find” isin reality the Sharon 
or No. 1 coal, carried deeper than has been supposed by an unusual 
dip, is not supported by a single fact, and is negatived by all the facts, 
and does not therefore deserve refutation. The level at which the 
“find” is located is below the place of the Berea Grit. The testi- 
mony of the drillers is.to the effect that they found “rock” all 
the way down, and that nothing corresponding to the Cuyahoga shales 
was encountered. The record was not kept with care, however, and 
there is nothing decisive in the testimony as to the series penetrated. 

The best practical judges of the facts in the case unite in the 
view that the coal taken out of the hole was first put there, “ with 
intent to deceive”. The suggestion that the drillers struck one of the 
sheets of Avon “albertite”, with which the shales are occasionally 
intersected, is set aside by the vegetable structure found in the later 
samples of the coal from the drill hole. * 

Since writing the above paragraphs, further exploration has been 
made and much clearer light has been thrown upon the claim. Two 
wells have been drilled by residents of Clinton, the last one within } 
mile of the original Wagner well. Through the courtesy of Andrew 
Donnenwirth, J. P., who was one of the company engaged in the 

‘ exploration, the records of these two drillings are herewith furnished: 





The first drill-hole showed— _ 
Wart] .....ccccccccvcccccrccccccccsecccccccccncccccs ceccvcesceccescccces secceccesccescecncces 8 feet. 
BANAStON ...ccccccccccee ssccevccccccccvccvsscecsccceccccces secveccee sevece sosccecccvess -~ 18 “ 
Pebble rock and Sandstone .......,..ccccccecccccccosccccessesceesscvecesscoveesess 80 “ 
Cuyahoga shale ...........0-csceccce secces cesses ccesecane senses scccescacconecescssooens 200 “ 
Berea grit............-onassussnossenssnnannnsnuensanannnnsanununusnnusnanannensannnannancnn 5 
Bedford shale, Ot ....eosnnnessensosnncunsnsunnnsnruenunnsunnnonenensuenene soon esse 100 “ 
Total depth....esssonscssrasssensnnssonnunsnnunnsnnassnnannunnunn sansansnnnnsanunne 450 feet. 


The second record showed 80 feet of sand and clay. The Cuyahoga 
shale was thicker and the Berea grit not quite as thick. The drill 
stopped in Bedford shale at a depth of 443 feet. 

In other words, both sections are normal in all respects, and the 
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excitement that claimed to revolutionize the Geology of North-eastern 
Ohio, is shown to be without a shadow of support from the facts. 

The Buckeye, Fulton and Barney McGue mines are all located on 
the west side of the Tuscawaras river, and from 50 to 75 feet above it. 
They are opposite to the village of Canal Fulton. They belong essen- 
tially to one basin, though complete continuity cannot be claimed for 
the several deposits. The Fox Lake workings are between 2 and 3 
miles due west of these, and connections between these areas are known 
to exist. The three mines named above are all substantially exhausted, 
and in fact have been so for many years. Pillars, crop coal, and 
occas’onally small troughs of coal, that have been passed by in former 
worki.gs, are all that keep up the production in this territory at 
present. The coal removed was mostly 4 feet in thickness and all 
the conditions agreed with those already described. 


THE LAWRENCE MINE (MAPLE GROVE.) 


Passing to Section 29, just north of and connected with the Pitts- 
burgh, Fort Wayne and Chicago R’y, we find one of the large mines 
of the field. It is operated by the Ridgway Burton Company, of 
Massillon. It holds lease upon 350 or more acres of land, and is now 
producing 200 tons per day. The coal is 75 to 100 feet deep, more 
than half of the section being drift. Quicksand is often very trouble- 
some. 

The mine has been worked for a number of years, and all the coal 
that was first known has been taken out. The old workings were 
terminated abruptly on the north by a “horseback” or intrusive 
sandstone, but when coal was found of good thickness beyond this a 
level was pushed through the rock, and all the coal of the mine now 
comes from this new territory. 

The coal is somewhat unsteady in thickness, being frequently 
traversed by the sandstones that mark the channels cut through the 
original swamp. It averages over 4 feet. The face of the coal 
runs N. 25° E. The roof is dark slate, overlain by gray shale. The 
floor is 2 to 4 inches of hard slate over fire-clay. It mines fairly large, 
but does not bear handling as well as the coal of some other mines, 
One keg of powder brings 20 to 25 tons, but some of the rooms require 
no powder. One-fifth of the coal filled out by the miner passes through 


51 G. 
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a screen of 1} inches between the bars. Of this amount, $ are nut 
and the balance slack. These figures are meant to express the average; 
the range is considerable. The miner expects to send out 3 to 3% ton 
per day; the present price of mining is 85 cents for one-half the year, 
and 95 cents for the other half. The coal is not often followed below 
3 feet, and no allowance for a low seam is required. 

_ The cval is highly approved for household fuel and for steam 
generation. The top of the seam isa little more splinty in character 
than the remainder. Analysis shows the coal to be of admirable 
quality, and that it attains as high a standard of excellence as the coal of 
any mine of the Massillon field. The following results, obtained br 
the chemist of the survey, show on what foundation these claims res. 
The coal was sampled by Mr. Frederick Keffer: 


Analysis of Coal of Lawrence Mine (Lord). 


Moisture ........0...cccccnccscecscs soeetsccseeees seceeceeecccecsncgenessceenes sencseseneesses 5.90 
Volatile combustible matter ................sccscecsssssscececssseersssscsssssensesececs 3525 
Fixed carbon ......... ....22000s0sononenennnonunsnnnnnnnnnnnennne Less cecces soeeee concoencs cos 57.23 
ABD. .....000 onsoenonnennansunnnssensunsnonnen seneccces nnnnanann sensccens conces snseen secscencs oes - 16 

Total .......ceccccscens asectsecccnceccecscecenscocescercescescetersees stseeene: nannnnnennnn 100.00 
Sulphur ........ccccscsccccccsecnscocsrsccoesscnesseessccesteneesssessessestestes onen. sesets - 0.76 


THE MINGLEWOOD MINE. 


The Minglewood mine holds a lease upon 600 or more acres of 
land in Sections 31 and 32. There are probably 100 acres of coal con- 
tained in this property, as indicated by the test drillings. The mis: 
is newly opened, the first coal having been taken out in 1882. It i 
sending out, at present, about 200 tons per day, the entire product 
being taken by the Pittsburgh, Fort Wayne and Chicago R’y, whieh 
traverses the property. 

The coal appears here at its best, bright, free from sulphur, and 
strong. The figures of the last analysis would doubtless apply to th: 
mine as well. It exceeds, as far as worked, 4 feet in average thicknes. 
ranging from 3’ 8” to 5’. The face runs N. 20° E. 

The nut coal and slack are washed at this mine, the only instance 
of this sort in the Valley. The work is done at small expense, the 
mine water being used for this purpose. All the dust is removed, and 
much of the slate also. The apparatus is ingenious, simple and 
effective. The process well deserves a wide application. 








MASSILLON COAL FIELD. 803 


Tux Oak Hitt MINE. 


In Sections 34 and 35, is a mine now known as the Oak Hill mine, 
which has been in operation 12 years, and which is now near its limits. 
All the coal at present yielded by it comes from pillars and entry walls. 
Representative sections, by which the coal is here reached, are as 
follows: 


Drift.......ccccscccccccconsccncses sescccserscwccescaresscessvscsccons secese sosee esos sosccones 28 feet. 
Sandrock, Massillom........0:ssscccscccovccscscsccnccerecccssccenecccncscossscoesenes 22 “ 
Dark slates........... secccccee saonnane. onnnnnnennunnunonnnnunnuunnnnununnernne sescecesecs 10 “ 
Black slate ...........cccccccscccssccsccenvsscccsecscscsscecsscecsneess uonane one annassanen 80 “ 
“Coal rock’’.......cccccccsccscscscsceccvcesscocccccccscescnccccccccesescccscscscccssesscces 12 “ 
SlAte......ceccsssecaccccecsccessaccevetscsscccessovccesses secs cscnsecccscs sesceseesensonees 1 “ 
Cal .......ccccccccccccnssccces sovecsccconccccsetenececececeass seecss scence secncccssesecceees B “ 
Dift.......sccsevoceccconcccescccsece ansunnonnunnounnssnonunnnenenesunnenonnannsonnansnanen ne 19 feet. 
Sandstone ...... 220... 10200000 sonnunsonnsnnnnessunsussnunnnunnanen costes nennnsennnnnenn nee 18 “ 
Dark slate .........0..00 ccveseccvescccccscecs sascescscccs ces soe sense snnnnnnnsssnnnsnnnene 7 * 
Hard gray rock. ...........ccssesccsccccccccscccsscncccansnccseccccsscccccnesseoecoesers 4 “ 
Dark slate ......ccccccccccccccccce covcccccncscccs soccecccconcccsssecsssescsesccccseees seve ll “ 
SOapPBtONe.........cecereccececsccccnscecenccccessaccensecseccccess cusses csscececeses sonusucs 8 “ 
Black slate .....sccccccsccsosccccccecssccssvccscvccesseccesececcssrassscnssncees senses eee ces 14 “ 
Brown rock ........c00cvcses cocece sence conces scccecens neces cusses seusescecscneessseees . B&B * 
Coal .......00 cscs sesccccsccscncecsccenccs sosccsens sonnensnnasnunnnenesnennnonsnnsnnnnenannen 4 “ 
Drift..........cccccsceccccsccncccssccssoncncecassecsccccccsscocsccscconccssrecesccecesececceces 40 feet 
Dark slate .......c.ccccscosccvccccccccscccccsccccstscccccescsseecccceesevscescccenccs nenne 18 “ 
Hard sandrock ..........ssesscsccccce seccccevccscoscecscccsescsccsesescsccetececesesses 2 * 
Brown rock .......0:cccccsccsacccccncnccecovconscccccsceccsentecesssccscvccncsessescesences 11 “ 
Hard white sandrock .......cccccccssccccscrsccccsccccsscccccssessecsccssecscsoes peese 3 

© Coal rock” .......00 ssccsccsvcecccsceccvcnscscsersse sees een \osnaonsssssnensuncnenee 4 “ 
Coral .......ccscccesccevccccsscecccccsnscsecccessecccscccsseeeccscscsce soscececcccscscccsesess 1 “ Qin. 


The roof is firm and reliable, and the coal lies so deep that no 
trouble results from quicksand. The coal is often followed in this 
mine down to 2 ft. 6 inches. Its maximum thickness is 44 feet and 
its average 3% feet. It is undoubtedly continuous with the coal of the 
Aberdare mine. 


THE MOUNTAIN MINE. 


This mine, which is operated by the Rhodes Coal Company of 
Cleveland, has under lease about 360 acres of Jand, in N. E. 4, Section 
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36, but the coal has been mainly worked out. It originally held about 
60 acres. The mine was first opened in 1871, and has yielded a large 
amount of excellent coal. It is now producing 275 to 300 tons per 
day, mostly pillar and crop coal. The shaft is located at about the 
center of the basin, and is 140 feet deep. 

The coal has been followed as low as 18 inches, but it reaches the 
usual average of 4 feet in all of the main workings. The mine has 
good roof, better, in fact, than the average. The product of the min 
is shipped by the Cleveland, Lorain and Wheeling R’y, with which it 
is connected by a side track. 

A number of exhausted mines are found in this township, some of 
which have been largely productive and profitable. Among them ar 
the Aberdare shaft, the Crawford slope, the Crawford shaft, the Staeffer 
mine, the Willow Bank mines, Nos. 1 and 2, and the Burton Furnace 
Company’s mine. 

To this list, most of the mines already described, will soon require 
to be added. But few have any large acreage before them. 

All of the mines above named, and several of those that have 
been previously described, constituted, in reality, one almost continuo: 
field, by far the largest and most valuable of the entire district. The 
Willow Bank Section of this field must have aggregated 200 acres, 
taking in the Willow Bank, Mountain, Burton Furnace and Clark 
mines. 


MINES OF JACKSON TOWNSHIP. 


There are three mines: of the Massillon coal now open in thi: 
township, viz., the Willow Bank, No. 3, or “Ground Hog mine’, 
Willow Bank, No. 5, and a new mine opened in Section 16. Thes 
will be briefly described. To them may be added an abandoned mine. 
formerly known as the Bridgeport mine. 


THE Grounp Hoa MINE. 


This mine is situated in Sections 19, Jackson, and 24, Lawrence 
townships. There are under lease, to the Rhodes Coal Company, 28: 
acres, but less than 100 acres hold the coal. Like the mines alread 
described, this one has been worked almost to its limits. Most of the 
coal now yielded comes from pillars, and at the furthest it will be kep: 
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in operation but a few months. The coal averages 3 ft. 4 inches in thick- 
ness, but is seldom mined below 2 feet 9 inches. 

The coal is disposed in a long and narrow basin, depressed in its 
central parts. The axis of the basin extends N. E. and 8. W. On 
_ this account, it has been found necessary to drive the entries quarter- 
ing, the main entry having a direction of east of N. E. The coal 
mines large and bears handling well. It is strongest on the edges of 
the basin. The proportion of large coal is greater here than in most 
other mines, a large part of the slack and nut coal being thrown back 
into the waste by the miners. Twelve cars are loaded with round coal 
to one of nut and slack, according to the figures reported. Such a 
result can be obtained only by a wanton waste of the product of the 
mine. 

The roof is fair, but not as good as the best. It consists normally 
of slate or shale. 

Where the coal is thin, it is capped with a few inches of bone, a 
black slate, sometimes passing into poor coal. 

Whenever the edge of the swamp is reached, the sandstone comes 
down to the coal, cutting out the normal cover. 

The following section, obtained from the drill-holes by which this 
property was proved, illustrates the general stratification : 


Feet. Inches. 
Sand and gravel .........ccccccssccsssccssesccvccersse  ceccecscescescccassrsssceces 23 0 
Clay and Soapstone .........cccccsccscccccvccrscresccstccverscencccesccccscesasscecs „8 0 
Blue rock .........cssescscscscsccsseccsscscccsccccescaccessscssscsssssscevescsessoessees 2 0 
Rock and coal (Quakertown 88aM?) ........c.cccccsesssvecesescvccee osneenene » 0 6 
Slate .. ..rcccce-cecsccccess ccccsccecccccccces vessescsecoesosass evescesnscaccvecacnevececs 8 0 
Gray sandrock .......01ccccencccscesccces ssscsesacescccs sascstcvcccesccsesescevesecenscs 2 10 . 
SOBPBLONE ..........ceecccccevcvcesccseccccese sosacscocesscucveesecoes sannennansnsnnn nn ses 8 0 
Hard, white sandstone. .....rcccssccsccscccscsccsccssccscscccscccecesssece snunnannener 8 0 
Gray Sandstone ...........cccccesecscccovccsccsscecccossees NERPPFPFPFEPFEFEPEPFEPRRRRE 7 0 
Slate.........0000s0ennsnenansnunusununnnnuunnnnnnnunnussnunnne.unnnunsonnennenssnusnseneen . 8 0 | 
BORPBLONE ........0.cccereccsccccccccaccnvece snnnnnnnı eseecsccccncncecccccecesoesssssssace 6 6 
ES1BtO..2..0csscesvocscecscsesscncesceescacpesccssssenscnscnscsaacontes sescsseet scoeesesaces „18 8 
Hard, dark sulphurous rock.........ccccosses sonnononsunnsnsanonsonensnnennanueem 1 6 
Hard, white sandstone ...........ccscssssssssesscscees ounonna onssunenusonnenennene 11 6 
Light gray rock ........csccccccsscssces ausnnnonuunsnannnnunnonnsnnnnunnsonen snsannens 22 8 
Dark gray rock .........0.ssecsccccecsssrscocccvectessccscescsscececs scnsesscecssevesees 9 0 
Black Slate...........ccsccsccsccssssssesescsecascessescsccceccscescngsececescn see senses . O 9 
Bone COal....ussessssoeneonsonunnnensenunenenenenensnusonenunnnnnsnennenn ee perececasecccess 0 9 
Coal ..cccccccrenscsccccscsccscccccccccccccessosscsesvnscescecsssonssesces secescesccescnsose . 4 6 
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WILLow Bank Mung, No. 5. 


This mine is situated in Section 31, Jackson, and in Section 6, Perry 
township. It is a comparatively new mine, having begun its work in 
1881. It is producing 250 to 275 tons per day, and has been in quite 
constant operation. Its coal goes out by the Cleveland, Lorain and 
Wheeling Railway, with which it is connected by a narrow gauge track. 
The area of coal in this mine is estimated to have been originally 
80 to 35 acres. Its thickness is about 34 feet for an average. 

The roof is normally slate. Where the coal runs out, quicksand 
from the drift formations overlying, sometimes comes in, to the great 
damage of the mine. A seam of sandstone, 2 inches in thickness, 4 
inches above the bottom of the coal, extends over a considerable ares 
in the mine, a fact that stands by itself in this field. 

The composition of the coal is shown in the following analysis by 
Professor Lord. The coal was sampled by Mr. Frederick Keffer for 


the Survey: 
Moisture ....--.ccccccoccccccccccceesecces access nano nn ennsnennsen sonnnunen cocce evvecces 480 
Volatile combustible matter .......ccsecsscsscccccccecccaccecnecccccssescsecccccesacs - 8781 
Fixed carbon ...c00s000rensnnnnane ccccccsecccs ceases scecss cocecsccscesvesseccesssccersccacs - 58.22 
Ash ....00 ccccscecccccscccccccrsccceccccnccceccoscccccecesecssccan sescecccccccccsscsccesanceces 417 
Total .....ccccsccccccccscosecccnccccccccccccecccenccecnccecsccrecen soseccscecccsceseccss ~ 100.00 
Sulphur ...........cs+-ccccsccceccsccccnecsssseseeeescesceesesseceseasersesaneesaceseeseecsens 0.73 


Another body of coal of good promise has lately been opened by 
the Rhodes Coal Company, in Section 16, about $ of a mile north of 
Willow Bank, No. 3. It is known as the Conrad mine. The area of 
this basin is thought to exceed 50 acres. 

A single section in one of the trial borings will be given here: 


Feet. Inches. 
Gravel and drift............susssnsnnsnsnssenanonsnsnnnnnnsnnnennonnuennnnnsnemenennnene 5 9 
Slate ....eusssoaesnenunnnusennunnnsonsuunnensnanssnunnensnnonnnnsennnnunssnssuensonansannnnncns 1 6 
Gray sandrock......eesserensoonesssnonsnennnannsnssnnnensnennnunnesenene sees: cessenescees 6 6 
Blate .....2.0020000r0n0uennnnonnennunsunnsnsnnnn.onanenennonsnunnsnnnsnunnnnonannnnssnnunnunen 3 8 
Coal ....cccscseccosccsccsscnccssecceccccscceccessces cesses scscecnse cesses ccccessnsecsooeseuces 0 38 
SOAPStONE .......-.sccecccnccrsrcccccecsen © nonnssonnnsunenunensurmnerssnnnsnssnennnnnnann 6 0 
Slate ......sessccscsscccssccvcccccscecsscccescssonsse scence sceesececesee wn onsssonenenensennen 18 0 
White sandrock ........0cccccccccceccoveccscccceveccnssesccescceescosessoescsceesacsesccs 18 0 
Light-gray rock.......ccccccossssesscveccnssecvscseoesccnccesaccssscesneevececes possesses 2 0 
Dark-gray rock.......c.cc.ssessccescscsseccsersccaserceveseres senecsccs coesnesessessesace 7 0 
Black slate ..........--cccccocsccccccccessvsccccnerscena tosses seeses secsessscoesecsecscceres 1 6 
Bone COR ...csssscrccsevcencccccacccscccesvscccceseccees. ccesenecceces soeses cecnse veces „0 8 
Coal ......sccesssccrscsccrevcceccsesscosccscessucsncsceresscnenencececseeesesccecs teense ceases 4 4 
Slate.cr.cccccseccsessccsscssccescevccccsceersceetas soesecnssccssescecssecesenssescceneceesece 0 6 
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CoaL MINEs oF TuscaARAWAS TOWNSHIP. 


Three mines are now in operation in this township, viz., the Sippo, 
the Windsor, and the Grove, No. 2. The Massillon City mine has only 
recently been abandoned. It was also known as the Brookfield mine. 
It has yielded a large amount of coal, of high quality. 


THE Sıppo MINE. 


The Sippo mine is located in Section 1, and was formerly known 
as the Fruit Hill mine. It has been in operation 8 years, 2 years as a 
country bank, and 6 years as a shipping mine. It has a large capacity, 
sending out 350 to 500 tons, when running full. It has side tracks to 
both the Wheeling and Lake Erie, and the Cleveland, Lorain and 
Wheeling Railways. The section in the shaft is given as follows: 


Drift ..........:.sscccccoscessncecescessoscccssceccsncscuss eoeee sennnnnensennansuonnensnsonens 10 feet 
Sandrock ........cccsccscceee scccsecencescnecerecs sonannnonnernnnnnnnnnnnnsnenssnnsnnnnanne 18 “ 
Compact “light rock”...:..... sussssosensnenonenunn soesetcesee cosnseees sepesceer cesses 70 “ 
Fire-clay ........ccscccecce scenes cnscecscensecsocsccssocesseecesscesscesensasesassesccssasees 3 “ 
Hard dark 10CK........cccscscsssccsccecccscscsccecsas nnnnnuononnnerusnsnenunsnsensnensen 6 “ 
Pepper and salt sandrock .............--ussusssonnasenonsnnsunsnnonnsnusnnsnnansnense 5 “ 
Hard, dark rock ............cscccscescsccccsccssccsssnesccsccssscescereccsceeccassencscees 27 * 
Slate ...... zesesnononunannonunnnun sensnn none aeensnsnesnnennnnnansssn tarssnnnnnnsnansnrnarnen 2 “ 
COAL veruunen snsnnennnunenensennannen snsnsn anoenunennnn nannenen nannen snnnntonsannensnnnnnn een 4 " 


The coal has a good roof and runs steady. It hasa slate floor 
above the fire-clay. Under the olay is a very hard sandrock. The 
quality, as elsewhere, is a little poorer at the top of the seam, the coal 
there inclining to a long-grained or splinty character. The “ white 
cap,” so characteristic of Massillon coal, is found fully developed in 
this mine. The face of the coal bears N. 26° E. The coal averages 
about 4 feet, ranging between 2% and 4% feet. The mine is provided 
with a slope, as well as with a shaft, the former being 500 yards long. 

An exceptional fact in the dip is to be noted in this mine. The 
seam inclines to the northward, the level of the coal falling 14 feet in 
2 of amile. This unusual and unexpected fact complicates the drainage 
of the mine to some extent. 

The coal is disposed in a narrow and somewhat tortuous basin, 
varying from 60 to 100 yards in width, and extending through 14 miles. 
Its general direction is N. E. and S. W. The entries cannot be driven 
on the face of the coal, because, in this way, they would soon come to 
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trouble, but they follow the sinuosities of the swamp, as they best can. 
The composition of the coal is shown below, the sampling heing 
done by Mr. Frederick Keffer for the Survey : 


Analysis of Sippo Coal (Lord). 


Moisture .......cccce sccccccccses scoserececonseccccecsccecsccessccces casccspesscccecceccccesecs 5.09 
Volatile combustible matter .......cssesccevssscocsecccsceccsccnccsscccessecacecscceces 37.28 
Fixed CALDON.....ccsscccse cececcccscscncsenee scccetcccscscaccscesecsscescecee sxsscceress 53.30 
Ash ......ccccccccesccesscerscvesccccscsccesevecececcss nennen sovccecesceccacces case: cues ccscusces 438 

Total ...euscsssosseuuunsnanenssensnnsnenunennesnennensnsnss soscessenceases seenescececcnse « 100,00 
Sulphur .........-cscecccsccsceccee cscccescoresscsscsecceesceesecsesccessessesessesces sonsnenen 1.08 


THE WINDSOR MINE. 


This mine is also situated in Section 1, Tuscarawas township, in 


“the 8. W.}. It isa small mine, connecting by a narrow gauge track 


with Massillon. It holds a part of the basin, just described, and, in 
fact, it is worked through into the Sippo mine, getting its ventilation 
by means of the furnace, and its drainage by means of the pumps of 
the latter mine. It produces 40 to 50 tons per day, but has only a 
small territory on which to work. 


THE GROVE Ming, No. 2. 


This mine is located in Section 24, Tuscarawas township, which 
adjoins Section 19, Perry township, in which the abandoned mine, 
Grove No. 1, is located. The two mines are separated by a broad 
“horseback ” of sandstone. 

There are over 600 acres under lease by this corporation, but the 
coal is already almost exhausted. Only pillar coal is now produced by 
No. 2, and this at less than 200 tons per day. 

The mine is entered by a shaft 140 feet deep. It strikes the 
summit of the basin, from which fact the drainage is complicated. 
Branch pipes must be carried forward to all the workings from the 
pumps at base of shaft. 

The coal is not worked below 2’ 9”, asa rule. Its greatest thick- 
ness is 6 feet. Where horsebacks occur, they generally cut out the oval 
altogether, instead of merely reducing its thickness. The roof is 
excellent, consisting of 6 to 20 inches of black slate, covered by a 
gray sandrock. Bone coal occurs at the top of the seam, and makes 
some trouble for miner and operator. Nodules of ore are frequently 
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found at the top of the slate. The floor isa hard slate, but in the 
“hills” of the mine, the conglomerate comes up to the coal. 

The coal has the full strength and quality of the seam. Jt is 
brought out to the Cleveland, Lorain and Wheeling R’y, the mine cars 
being lowered into the valley by a double track incline, operated by 
gravity. 

PicEeon Run Mine. 


This mine is located in Sections 26, 35 and 36, Tuscarawas town- 
ship. It holds leases on about 660 acres of land, but the main coal 
basin, which includes 50 to 60 acres, is already exhausted, and pillars 
are now being drawn’ in the mines. The shaft gives the following 
section: 


Drift, sand, Clay, OtC ....ccscsccccsssccssccsccns cesses cessceceseescesencessces anscren- 85 feet. 
Soapstone and slate...... \essssenn nuusntanessnsnsnnansnsussnnsunansnnnnnnessen tunen 60 “ 
White sandrock (Mamition) Seonsnnsnsssnsussnonsunnsnssnn nennen ssnnsnsnsnnenensen „15 “ 
Gray TOCK.........c.0c00 cascccccesscccsececscenscesesscecscccsccceesseccessceces nnnanene 20 “ 
Black slate .........-cssssccossscsscececescessccscocsccsescersesccssesccescessesassesvecs 4 “ 
Coral .......ccccsseseee coscsecnseeecnnenescccns cesses ceceescescscccessnccsens sesseeesseesscess 5 “ 

Total ......ccsscccccssscsscccccccsosssee conssesceeee nanunssnonnnnnunnnennneenerenennn 185 feet 

The mine delivers its coal to the Cleveland, Lorain and Wheeling 
Railway. 


The average thickness of the coal is not less than 44 feet. Perhaps 
it runs as high as 5 feet, for there are large areas in which it holds 
fully 6 feet. In one pocket of the mine, near a horseback, the coal 
thickened up to 9 feet for a small area. Where the coal is thickest, it 
is apt to bear a 6-inch bone coal, which often gets into the cars. The 
face of the coal bears N. 25° E. to N. 30° E. The coal is worked “on 
the square”, all entries being run on face and ends. It dips in the 
large way to-the southwest, but there are many local flexures. 

As a whole, the roof is good. It consists of about 4 feet of black 
slate, overlain by the gray rock reported elsewhere. Sometimes the 
slate disappears, letting the rock down upon the coal, always to the 
detriment of the latter. Nodules of ore are found in and immediately 
above the slate. 

The quality of the coal is, in all respects, approved. It was used 
for a time in one of the Massillon furnaces, successfully. 

On the N. W. 4, Section 2, Tuscarawas, and 8. W. +, Section 35, 
Lawrence township, three drill-holes have shown a body of mineable 
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coal of good promise, the lease of which is held by Hon. John G. 
Warwick. The record of one drill-hole is as follows: 


Drift .......ccsesccocccnscessccscncccnecsen saceecaneeescecersscccnssenees cue poseescaseec tenses 56 feet 
Slate .......00sscccccvcscscencesccveceses cesccscesssecegens aonssnnn nennen sence scssveenscences 27 
Soapstone ...... Le beaee cceeccvceceveacavecscececs sancecsevecspeccessncossucscecccesceces ~ 6 * 
White sandrock ........ ..cccscssscccsccccsscscssevesceccceccesscscess duce cesses anne ~ 2 * 
Dark-gray shale .....  ......cscceee cece Ws cesesensecenceees sasceceescscesscvssnsescesecs 16 “ 
Light-gray sShale..........ccccsccsssccscsccecsccscessccoss sosccscsccscnsenscossscses ses „46 “ 
Blate........- cceseses cosccscens cons senescence sccessscaccssce cosas snannnnnsnsnnsnnsnnunnnanne 2 “ 
Coal ...... 222200 s0n0ronnnnnennnnnnenneunnunnennnuennnnnsannnnonn nn onsnansnannsnn nennen annnne 5“ 


Another body of coal, but less promising, has been proved in Section 
13, Tuscarawas township. The thickest part of the seam shown by the 
drills was 3’ 6’. The leases are held by Hon. John G. Warwick and 
the Rhodes Coal Company. 


MINEs oF PERRY TOWNSHIP. 


Tae mining of the lower coal in this township is a thing of the 
past. The Grove mine, No. 1, has already been referred to. The once 
famous Warmington mine is in the same category, worked out and 
abandoned. Two mines are opened in a higher coal, probably the 
Tionesta coal, on the Koontz and the Hankins’ farms, respectively, in 
Section 4. The coal is 24 feet thick, and of fair quality. Both mines 
are merely country banks, worked in winter for the supply of the 
neighborhood. 


MINES OF SUGAR CREEK TOWNSHIP. 


Three mines in the Sharon or No. 1 coal are open in this township. 
They are known as the Camp Creek, Elm Run, and Justus mines. 


Camp CREEK MINE. 


This mine is located in Section 2, Sugar Creek, and it also holds 
territory in Section 35, Tuscarawas. The basin is either continuous or 
closely connected with the Pigeon Run basin. It is operated by Oliver 
Young, Elyria, O. The coal is brought to market by the Cleveland, 
Lorain and Wheeling R’y. It has been in operation a little more than 
6 years, and 40 to 50 acres have already been mined out. Its output 
ranges from 250 to 300 tons per day. Its leases control about 400 acres 
of adjacent territory. 
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The shaft is 166 feet deep, counted from the natural surface. The 
section is given below : 








( Drift-clay, yellow ............cccscssscsccevesccccserecscseesceeceresenvsess 15 feet. 
Gravel and cläy.................0000n00nsunnanonsnennnnunsnunensnnnansnenne . l “ 
Blue Clay...........000-csssscacecevcncscsconcsvenscncccecccscsscesecsssecesse - 20 “ 
Cemented sand.......ue.s sersnearsnorsonsennennnansnnunnnnnnnuumennenneen 1 “ 

Deirt. | Blue clay...... Asnunsnunrnnone sevaccosccccecees cocececesecencs eves PRPFFPRFFPFRR 4 “ 

Gravel .......cccsscssces sessocece coosceccsnsecsocceennesenscns cesses csnsooees ~ & “ 
Quicksand.........+.......... sesonssnmerannunsnunnsanunsnnannnnnen seccences 2 “ 
Gravel .......-.eseonusnennnsussoononunuseannnennnusuunnnnnansnnnns snannensanen 3 “ 

| Blue clay.........csccocccssscsseccssnscsecscccceccssecacececcecessceeecessceees 2 “ 
Fire-Clay ...........csescccececcecccccccecccccccccccsscveces sessessenenscosenens 5 “ 
White shale ............csscssccsccscecccscesscscscscsseverccssoecsccesseseses 4 “ 
Gray shale ......... ...cssesccecsscsccenccccescesceecessscsonecesseses soceee cs 2 “ 
Hard rock...essssosssonsennsnsnnnnnannenn nenn .unensasassnununsnnonnnnsnenees 1 “ 
Black band rock. ...........cccsscssccccvcnccecsecsccevecsscecececnsescscees 12 “ 
“ Fire-8t0n8,” OtC....cesssoneonreenennonnnonsennanunnnennnnusnunnnn soveseoes 15 “ 
Hard black rock .......cccccscsscscaccccesecceses sovcecessecsecees scvevecs 6 “ 
Gray “fire-8ton®”......oesusnsnsnanaunssnenessorensnennsnunsensenunenssnnen 5 “ 
White shale ........-esessosennonunnannnennunnenaonunnnnnannnnennnenener naone 2 
Blue “ fire-ston6 ” ........... Sennsnnennonnnennnnnnnnennnnere goes rescence: 40 “ 
Gray “fire-8tom6” ........ccecccscscncecccvcvscncussceactansecsceececesens 28 “ 
Black slate .........sscccccsssscssccoscecsacencscccsccesces sacecesensessceecs 3 “ 
Coal ..cccosccccscccscsecscccescssscsscevesscneseeees arssusnussssnnnensnnaensnnne 44 “ 


The coal of this mine has certain features that are not elsewhere 
found in the entire field. The shaft lies midway between two basins 
of coal, one lying to the north-west and the other to the south-east. 
The former has an approximate area of 400 by 175 yards, the longer 
axis extending nearly east and west. The second basin has an area ‘of 
300 by 150 yards, approximately, and its greatest length is also in an 
east and west line. The two basins have an area of about 125 acres. 
The two basins are connected by an entry, 135 yards long, cut partly 
through sandstone and partly through coal, the latter not exceeding 
2 feet 4 inches in thickness. 

The south-east basin is in all respects normal and regular, the 
coal holding an average thickness of 4 feet, mining large and bearing 
transportation well. 

‘The north-west basin has the unusual features referred to above. 
It holds two distinct seams of coal, the lower one, which is 14 inches 
thick, having all the characteristics of the Massillon seam generally. 
The upper one, which averages 4 to 43 feet in thickness, is denominated 
the “hard coal”, the lower nench being termed the “soft coal”. 
The hard coal approaches cannel in character, being strong and 
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heavy, having a smooth surface and a waxy luster, but showing 
a cubical and not a conchoidal fracture. In color, it is dead, 
lacking the blackness of the ordinary seam. Its ash is dark-red, 
of so pronounced a color, that it has been ground with oil, and used 
for a paint. Its composition is indicated in the following analysis, by 
Professor Lord, of samples taken by Mr. Frederick Keffer, for the 
survey : 


Camp Creek “ Hard Coal”. 


Moistur6 sessasano ceccececs nonnonnennannanannunn cavccsccvsescescccccoscssecscccecceseue eo sececs 3.11 
Volatile combustible matter ...........scescscsessevesecoscecces sevvccsecccccecccccescce 43.04 
Fixed carbon .......00ccccccccsccsvescceccccecccccccces socsnccrcece coccecccs seccccces seccecces 40.15 
ABD ........cececccecs scree ccsececccrecscecccces sescvcetescceseccecessececcene tesce see cosecesee „ 14.70 

Total ......ccccecccccecsece coccccccccccvscccccessesesccccccccsssencececs concessocecseccoceees 100.00 
Sulphur ......,.cccescecccccnser ssvscvevces cocseecccscccevcscuce veeesses senses sossecees sonaes - 1.06 


It is used only for a grate fuel, and the composition shown above 
does not fit it for large service or popularity in this field. 

Whenever this double seam grows thinner as a whole, the lower 
or Massillon coal grows thicker. The coal connecting the two basins 
is entirely of the latter character. 

The roof of the hard coal is 4 to 18 inches of bony and worthless 
coal in the swamp, but near the edges of the basin the gray rock 
comes down directly upon the coal. The roof of the east basin is 6 
inches to 2 feet of black slate. In a few places, this slate disappears, 
letting the sandstone down upon the coal. No complaint of bone is 
made in the cover of this coal. 

The floor of both basins is generally fire-clay, but in some cases, 
a flinty, gannister-like rock takes its place. 

The area already mined is estimated to be between 40 and 50 acres 
mainly in the east basin. This body is therefore near its limits. 


Exim Ron MINE. 


Elm Run mine is located in Sections 3, 4 and 5, and holds by 
’ lease about 700 acres of land. Its coal is essentially continuous with 
Grove mine, No. 2, and with Camp Creek mine, last described. It is 
thought that a large acreage of coal will be found here, coming up 
almost to the proportions of the Willow Bank basin. The coal is of 
approved quality in all respects. It has full thickness, as far as de- 
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veloped, and good strength. The roof is good, consisting of slate, 
thus far. 
The section found | in the shaft is given as follows: 


Feet. Inches. 

Drift clays and gravel.........cccccecsccccscccccsccccastovcnecccceccccscsessevsnscssses 49 0 
Sandrock ........sssscsssccccsccnscecsssce sovssccsvsccons sncecoese vasssescecassesccesssceses 3 0 
Broken rock.........scccoe socsscee soccccseccesccssecccescuccecs seers sessecsscesseseess „5 0 
SORPBLONE ......0cccrccesccccccccccscccsccecccsceseevessersceveres gessuanenrsansnannensacsen 8 0 
Gray sandrock .......ccsscccscccccscce snnnnnnessnnsonsnnunsunsonsanenssnnannnnnnenseccne 8 6 
Broken rock ....000 csccsscccsssee 0 cocscsccevcscccceceeccvccssessnccsscesscosse senses ccs 6 0 
SORPBtON® ........cccercccccccscccces secnscecssecsscvecccvsccecesasscssssccscconeessescescece 25 0 
(Quakertown seam or No. 2)...... seo... cccccsssccscsccsccssecensores sesce „1 0 
Black slate............sc00 Mensssnnnsnnsen cosessaecceccecscsseceoecascsoes cesses sessevecs 25 6 
Gray TOCK......ccssscscccsscscccscce soscaccvcecevccsccescceceesecsccsecces scenes sarnaneunn 22 . 0 
Black slate .......ccsssccocscccsccccsecvessccsevcecscces sees esses cceesssssssecescesoeces 1 6 
Coal (Sharon seam or No. 1).......s.ccsccsssscecccecsscscevescessoscess seseseese „5 0 
Total ......0ss0sensusensnnssonnnnnnsnnsnnsnnrnnenu sssnnsnansunnsnnnnnsnnsonsnsusseseuem 19 6 


The section is interesting from the fact that the Quakertown coal 
appears here, after a long interval, in which no trace of it is shown. 

The mine was opened in 1882. Its coal goes out by the Cleveland, 
Lorain and Wheeling R’y. | 


Justus MINE. 


The Justus mine, No. 2, is located near Justus, in Seotions 14 and 
15. It was opened in 1882. It controls by lease 280 acres, and the 
coal is estimated at 75 acres. It connects with the Cleveland, Lorain 
and Wheeling Railway, by a branch track. The shaft is 130 feet deep. 
The section found in shaft is as follows: 


Drift. Kot Are: RT gg 
Slate and gray TOCK.........sccccsccece coecceccsvccccevcnscscessasereserces 25 “ 
Coal ..... nansenennnonnnn snnnnsnnn sonnsnnnn snnenenunannnnnnen sees sossnannsnnnenn 5b “ 


The quicksand proved troublesome and expensive in sinking the 
shaft. The seam is undulating, but not unsteady. The hills rise 35 
feet above the swamps. Horsebacks do not occur in the body of the 
basin. The dip is to the south. The face is said to be N. 7° E, a de- 
viation from the general direction of N. 20° to 30° E. The 
roof is dark, gray rock, no slate being thus far found. The coal rests 
on a fire-clay floor. The top of the seam is more splinty or longer 
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grained than the remainder, but no distinction is made in the output. 
It becomes bone in parts of the mine and is then rejected. The bone 
ranges from 4” to 11”. Taken as a whole, the coal of this mine is said 
to have a larger proportion of the short-grained or curly coal than that of 
any other mine, and by this its adaptation to household use is ensured. 
The composition of the coal, as sampled for the survey, by Mr. 
Frederick Keffer, is shown in the following analysis by Professor 
Lord : 


Coal of Elm Run Mine, No. 1. 


Moistur® ......2.ceccccccscccces snnennnnn cesses covcveccscnccnsteccsesseccs seesevessseecesscccce 5.65 
Volatile combustible matter neneccerencecccceccevcceccssceccoccceccecceccccsesscscee ace 36.08 
Fixed carbon .........scccecccccccccccesccsaccccscsecee coscCanscecccscsesescessccceccs snsess 55.70 
PBN .cccccccccccccccccncverccccceseccec cesses ccccncevsce: soseseccoescscces cocceccestescceccsecs „ 257 
. Total ... .cccccccccccccecccscccccccecs scceccveccesteccse secerecaccee soscescce nennen nennen 100.00 
Sulphur ,..........-seesceceescececccceerserscesescnssesecs coseness seescee ne cecee senses oenese . 09 


The seam carries a standard height of 4’, but it swells up in the 
_ swamps to 7 and 8 feet at times. 

Over a 1$-inch screen, a bank car of 2,750 lbs. will lose 450 lbs, 
200 of which are slack, and 250 nut, but sometimes 2,400 Ibs. of clean 
coal will be sent out on a car. 

One keg of powder is commonly required for 25 to 27 tons, making 
the cost to the miner from 10 to 15 cents per ton. 


Mınzs oF BETHLEHEM TOWNSHIP. 


Three mines have recently been opened in Bethlehem township, 
the most southerly of the Massillon field. They are the Garfield and 
Rose Hill Shaft and the Beaver Run Slope. They are all in proximity 
to the village of Navarre, the first two being west of the Tuscarawas 
river, and the third being on the east side. 

The Garfield mine is operated by Oliver Young, of Elyria. The 
shaft is 112 feet deep. The coal holds the full thickness of the seam, 
being about 43 feet thick. The basin is a narrow one, and not more 
than 40 acres are known to belong to it. The coal inclines to a long 
grain, and is better adapted to steam production than to household use 
The present output of the mine is about 250 tons per day. The coal 
goes out by the Cleveland, Lorain and Wheeling Railway. 


MASSILLON COAL FIELD. 815 


The Rose Hill mine, also on the west side of the river, is a mine of 
the same general character as the Garfield, but its coal is counted of 
somewhat better quality, coming up to the ordinary Massillon standard. 
The area of coal tributary to it is judged to be about 40 acres, with a 
full thickness of 4% feet. It is operated by Hon. Anthony Howells, of 
Massillon. 

The Beaver Run mine has a daily output of about 250 tons. It 
has three lines of communication, viz., the Wheeling and Lake Erie 
Railway, the Connotton Valley Railway, and the Tuscarawas Valley 
canal. The coal is about 4 feet in thickness, and of fair quality. The 
basin is estimated at 30 to 50 acres. 


CONCLUSION. 


This completes the brief review of the Massillon coal field which 
was undertaken. It isa matter of regret to find that this excellent 
coal is so limited in area, but though the first discovered bodies of it 
have already been mainly exhausted, there is as much proved coal 
before the miner now as there was 20 years ago, and there is no reason 
to doubt that further exploration will make important additions to what 
is now known. The production is certainly not likely to be increased, 
but in the opinion of the best judges, it will probably be maintained 
for a ecore of years, at approximately the present figures. The present 
annual production runs close upon 1,000,000 tons. The scene of activity 
in the field has already been shifted to the west and south since work 
was first begun, less than 25 years ago. This advance to the westward 
has already reached its limit, but the new basins to the southward have 
not yet been brought to their largest production. So far as can be 
seen, Lawrence, Tuscarawas, Sugar Creek and Bethlehem must supply 
the Massillon coal for the future, in the main. 

A large and valuable basin has already been proved, but not 
opened, 2 miles south of Justus. It is partly on the Kemp farm, and 
is known as the Kemp basin. The length of the basin has been shown 
to be at least 14 miles, and it will make without doubt a very valuable 
addition to the field. The coal is leased by Hon. Anthony Howells, of 
Massillon. 

This, however, constitutes the southern limit of the field, according 
to present knowledge. A considerable amount of exploration has been 
made and is now going forward to the southward, but so far without 
result. 


CHAPTER XIII. 


THE COAL SEAMS OF THE LOWER COAL MEASURES 
' OF OHIO—Conrinvep, 


MINES OF HOLMES COUNTY. 
By ALBERT A. WRIGHT. 


Holmes county ocoupies the interval between Tuscarawas county 
and the border of the coal field. The coal-seams of the latter county, 
from the lowest up to the Upper Freeport or No. 7, extend westward 
into Holmes, where they all disappear. The lower seams, as they extend 
north-westward, are successively brought above drainage, so that all the 
seams mentioned are exposed in the western half of the county ; while 
upon the south-eastern border, all below the Putnam Hill (gray) lime- 
stone are buried beneath the surface. 

The coal is so accessible upon the hill-sides, that drifting is the 
universal method of mining. There are no shafts, and the few slopes 
at the mine entries are solely for affording better screening and storing 
facilities. The drainage is always by ditches in the entry; an adverse 
dip is the commonest cause of the abandonment of entries. There is 
one case of the successful application of the siphon to mine drainage at 
Dr. Pomerine’s mine at Berlin. 

In the aggregate there is a large amount of good coal in Holmes 
county. While the thickness of the individual seams is not so great as 
at some other points, running from a maximum of 4 feet down to 2} 
in the mines at present worked, there are nevertheless a large number 
of seams accessible, and the intervals betweer them are smaller than in 
localities to the southward and eastward. There are several fields that 
would sustain operations upon a large scale; while it is certain that 
from nearly every township in the county there will be, for a long time 
to come, a steady supply from the smaller veins, more than sufficient to 
meet the local demands. 

At the present time only a single mine has railroad facilities for 
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shipping its coal. This is the Bowen mine, formerly Saunders’,Jthree _ 
miles south-west of Millersburg. A branch track from the Cleveland, 
Akron and Columbus Railroad brings the coal to Millersburg, whence 
it is shipped to various points between Akron and Columbus, or con- 
sumed upon the locomotives. The other mines of the county may be 
denominated country banks, their output being used for blacksmithing, 
generating steam, or domestic purposes within a few miles of the mine. 

Some disastrous mining enterprises have been undertaken in this 
county, which have perhaps created a prejudice against the field. The 
responsibility for the failures, however, should be placed where it properly 
belongs, upon a lack of familiarity with the field, an inadequate pre- 
liminary survey, together with carelessness and extravagance in the 
management of the work. This does not demonstrate that these seams 
cannot be profitably mined upon the large scale. 


STRATIGRAPHICAL ORDER, 


The general arrangement of the rocks and coal seams of the 
county is shown in Fig. I. The county may be divided into two some- 
what distinct fields. The first, which occupies the south-eastern 
corner, is an extension of the Tuscarawas coal field, and should be 
considered with it. This field comprises the whole of German town- 
ship, the southern part of Walnut creek, and perhaps the south- 
eastern part of Berlin, including the town of Berlin. In this field the 
most prominent geological elements are, 1st, the Putnam Hill (lower- 
gray) limestone; 2nd, the Lower Kittanning coal (No. 5), lying about 
45 feet above the limestone, and, 3rd, the Middle Kittanning coal 
(No. 6), lying about 70 feet above the limestone. These identifications 
and intervals correspond with those of the adjacent portions of Tus- 
carawas county. For illustration, see Fig. V. 

The second field comprises the rest of Holmes county, in which the 
lower strata are found, and some apparent changes occur in the upper: 
strata, of which the most striking is that the Middle Kittanning coal 
(No. 6) appears at about 25 feet above a gray limestone instead of 
70 feet, as in the first field, while the Lower Kittanning coal (No. 5) is 
missing. The best explanation that can now be given of this anomaly 
is as follows: The limestone in the latter case is the true Ferriferous 
(upper gray) -which belongs about 25 feet above the Putnam Hill (lower 
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sgray). This would reduce the interval between coal No. 6 and the lime 
tome to Ab feet. But the lower Kittanning coal (No. 5) is wanting in- 
all this second field, and seme twenty feet of shale carrying iron ore 
have gone with it, so that the interval between the limestone and the 
Upper Kittanning coal is reduced to about 25 feet. (See Fig. VII). The 
Putnam Hill limestone is by no means wanting in the second field, but 
the two are rarely seen together. A few cases, however, are mentioned 
hereafter. 

Brief reference must be made to some horizons of the genera] sec- 
tion, Fig. I. The lowest coal (No. 1) is assumed to be the equivalent 
-of the Sharon or Massillon seam, although it lies but 80 or 100 feet 
‚below the Lower Mercer (blue) limestone, whereas, in Stark and 
Mahoning counties, it is from 125 to 150 feet. In Fig. IT it is seen close 
‘upon the characteristic Waverly shales, 98 feet below the limestone. 
The conglomerate is generally wanting. 

The Quakertown coal or iron ore seam, of former reports, may be 
‚called No. 2. It lies between the upper and lower divisions of the 
coarse Massillon sandstone. In twelve different sections where measured 
‚at ranges from 52 to 71 feet below the Lower Mercer limestone, the 
iverage being 60 feet. It is shown in Figs. II and VI. 

Twenty-two feet (15 to 28) below the Lower Mercer hor:zon, a coal 
seam appears which is designated 2a. It has been recognized in nine 
-different sections, and is shown in Figs. II, IV, VI, VII. At some of 
these localities this may prove to be the Lower Mercer coal (No. 3), but 
if so, it will only emphasize the fact that the “ blue limestone” is often 
the Upper Mercer, while the Lower Mercer is wanting. 

The Lower Mercer coal (No. 3) and limestone (blue) constitute the 
most definite and persistent horizon in the county. They are invaluable 

as a starting point in identifying other horizons. | 

The Upper Mercer coal (3a) and limestone (blue, often flinty) are 
seen in the same section with the Lower Mercer coal and limestone at 
New Carliele, and many places in southern Walnut Creek, at J. H. 
Harold’s, in Central Point; at Moses Steele’s, in south-eastern Mechanic; 

at Daniel Uhl’s, in Central Mechanic, Fig. IV ; at L. Allison’s, on the 
Knox and Monroe line, and many other places. (Seealso Fig. III). The 
Upper Mercer Limestone can probably be found in every township 
where it is due, either as a limestone or a flint. My measurements 
make it fro.n 17 to 38% feet above the Lower Mercer, average 30. 
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In northern Salt Creek the Upper Mercer is the predominant limestone, 
as is shown by its interval below the Putnam Hill (gray) limestone (30 
to 50 feet), and by the structure of its underlying coal (3a), as compared 
with that on Wayne Hill (compare Figs. X and XI, see Fig. III). 
The interval referred to runs as follows on adjoining farms: John 
Amsbaugh’s, 31 feet; Josiah Slutz’s, 41 feet; Henry R. Leeper’s, 50 
feet; Leonard Matthews’, 50 feet. 

The Tionesta coal (36) is represented by the “sandstone vein,” on 
Wayne Hill (Fig. III), near Fredericksburg, which has been called No. 6. 
The Putnam Hill limestone, which should appear about 20 feet above 
this coal, is cut away by a heavy sandstone, but on the opposite side 
of Apple Creek, at Joseph McElroy’s, the limestone is 5 feet thick at 
its proper level, as is also the case in a section north of Holmesville, 
given by Dr. Newberry (Vol. II, chart No. 2). 

The prominent gray. limestone of the eastern and northern-central 
part of the county is considered the Putnam Hill limestone, while in 
the southern-central an‘ western parts, both this and the Ferriferous are 
believed to be represented, though rarely together. [On limestones, 
see p. 817]. In some cases the Ferriferous and Putnam Hill 
are seen together, as at C. Fisher’s and E. Snellenberger’s, in south- 
eastern German; M. Hochstetter’s, east of Shanesville, Tuscarawas 
county ; Jos. Finley’s and Daniel Uhl’s (Fig. IV), in Central Mechanic ; 
A. Greenheiser’s, adjoining A. A. Taylur’s, in Knox (Fig. VI), and 
probably Wm. White’s an-l vicinity, in southern Richland. The intervals 
vary from 15 to 41 feet; average, 25. Where ouly a single gray lime- 
stone is present, its elevation above the Lower Mercer (blue) limestone 
is the best guide we possess, the Ferriferous being due at about 100 
feet, and the Putnam Hill at 60 to 80. 


In western Monroe and Knox townships, a massive sandstone, 25 
feet thick, comes between the gray limestones, and one or both of the 
latter are cut away, as at Thos Miller’s and A. A. Taylor’s (Fig. VI). 
The same occurs on Wayne Hill (Fig. III). This sandstone (Hecla %) 
caps the hills north of Black Creek, weathering out in great “boulders”, 
but similar masses from the Massillon sandstone, 100 feet lower, abound 
in the valleys of Wolf Creek, Black Creek, the Killbuck, Indian Trail, 
etc. In Fig. III this heavy sandstone was supposed to cover coal No. 
6, but the coal is evidently No, 4, as it is just below .the level of 
the Putnam Hill limestone on the adjoining farm of A. Erenheiser, as 
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shown in the figure. On the farms adjoining westward the limestone 
has only ita normal thickness of 3 or 4 feet. The upper coal seam, in 
Fig. VI, lying 30 feet above the Ferriferous limestone, is doubtless the 
true No. 6. This is the locality, 3 miles north of Black Creek, 
frequently referred to in previous volumes as carrying seven workable 
seams of coal. Their positions are here shown. 

The relations of the Lower Kittanning coal are shown in Fig. V. 
It is missing, as before mentioned, in most of the county. 

‘The Middle Kittanning coal (No. 6) lies 25 to 50 feet above the 
Ferriferous horizon, the smallest measures being in Killbuck town- 
ship. 

The Freeport sandstones fill the interval of 60 to 75 feet up to the 
Upper Freeport coal (No. 7). No good exposures of the Freeport 
limestones were observed, though fragments, which must be referred to 
these horizons, were met with in a number of places. 


CoAL SEAMS. 


Sharon Coal (No. 1). 


In the western half of the county this seam may be found above 
drainage, and has been opened at a good many points in Hardy, Prairie, 
and Monroe tewnships, the latter township constituting the most fertile 
field. The structure of the seam at Stephen R. Williams’s, in Central 
Monroe, is shown in Fig. VIII to consist of an upper bench ot 1 foot, and 
a lower one of 2 feet. The analysis of the benches, separately, by 
Professor Lord, is given below: 


Sharon coal, 8. R. Williams, Monroe township. Upper bench. | Lower bench. 
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As compared with the other coals of the county, this shows excellent 
quality. The fixed carbon is reasonably high; the ash and especially 
the sulphur are low. The upper bench mines like a block coal, the 
lower is more irregular. The coal lights quickly, is somewhat cementing, 
and burns to a light cinder and gray ash with no clinkers. It is esti- 
mated that there are some 800 acres in Monroe township where this coal 
should be productive. Southward of 8. R. Williams it is mined by 
Isaac Williams, westward by Wm. Mackey, on lot 28, where it is 2% to 
3 feet thick, with a shale parting near the middle, and northward by 
Smith and James Martin. Opposite Millersburg it is mined by Freeman 
and Bilderback, on Section 1, where it is 2% feet thick, with a sulphurous 
parting of three inches. It is rusty, soft, and poor-looking, but both 
slack and coal find ready sale. "Two miles north-west of Millersburg, on 
D. Snyder’s farm, it is 20 inches thick, with a slate parting of two 
inches. It has been mined also by Joseph McElroy, in north-eastern 
Prairie township, and Franz Cooper, on Sand Run, in Hardy, and by 
several parties in Knox township. In Mechanic and Killbuck it may 
yet be found of workable thickness. 





mm 
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Quakertown Coal (No. 2). 


The Strawbridge cannel was formerly called No. 2, but as that3is 
evidently No. 3a (see Fig. VII), the former number may be employed to 
designate the “iron ore” seam of former reports, which lies about 60 
feet below the Lower Mercer limestone (blue), and 30 to 40 feet above 
the Sharon coal, which corresponds well with the Quakertown coal of 
Western Pennsylvania. The coal is from 1 to 24 feet thick, and not 
mined. At Millersburg it was 18 inches thick, and 141 feet above 
the Killbuck flats. At E. M. Wheaton’s, in northern Hardy, it is 2 
feet thick; on Chas, Steele’s, in western Hardy, it is 2% feet thick, 
and at A. A. Taylor’s, in Knox (Fig. VI), it is 2 feet thick. This 
is considered the equivalent of the “rider” vein over the Massillon 
coal in Wayne and Stark counties. It nowhere promises to be valuable. 


Coal 2a. 


At 15 to 28 feet below the Lower Mercer coal there is sometimes 
seen a two-foot vein of coal, which has yielded fuel for market, though 
on the whole it is of little value. A mile east of Millersburg it was 
mined on the farm of George Maxwell, where it consisted of two benches 
of 15 inches each, separated by ten inches of clay. At the excavation 
for the scales below the Bowen mine, 3 miles south-west of Millersburg, 
it consists of 2% feet of cannel, lying 68 feet below the Strawbridge 
cannel. In western Monroe (Fig. II) it is 2 feet thick, splitting into 
thin lamin, and of a brilliant black luster. At A. A. Taylor’s, in 
Knox (Fig. VJ), it constitutes the cannel vein, which has been mined 
both by stripping and drifting. The vein has here the following struc- 
ture : 


Bituminous coal ........ccccecccccececcee svsveesonevecee secesvces cos cecocsccccsccccosees Y 8” 
FUire-Clay.....csccsscesocssccvcccscnecesenceeseccevevcccsscsseccesceccesecssessscsees Sovenees 4 

Slate .......cccccscccssesccccccssccccccve secccs serscsnceeececessrecs secesecsecesescosssecacencs Y 4” 
Cannel.........ccccsccsccccceccccccccevscscecssccessccceccesecesesesces socvesecsssceverscces 1” 107 


Work was abandoned here upon the discovery of thicker veins 
above. 


Lower Mercer Coal (No. 3). 


This coal is seen in its most favorable phase at the mines of Elias 
Mast and E. M. Wheaton, 3 miles north of Millersburg, where it is 
mined in considerable quantity. The excellent limestone roof is 24 feet 
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thick. The coal is 3 feet thick, with a shale parting of 3 inches, as 
shown in Fig. IX. The lower 8 inches is separated and highly valued 
as a smith’s coal, and commands a higher price. The coal isa dry- 
burning semi-cannel, and comes out in block form. It is bright in 
luster, but with alternate stripes of duller coal, as in the block coals. 
It makes little slack ; the ash is light and white, containing no clinkers. 
Its composition is given below: 


Lower Mercer Coal, Elias Mast, Hardy Township (Lord). 


Moisture .....ccsesereccvccenceccccccesccsceccccceccescceccccersccccecscces sannnene seeeee cacces 5.11 
Volatile combustible matter .........ccccecscsscccscccccce scsecesscccccce-coscersececess 41.01 
Fixed carbon ...... cccccccescccccsccccce sccccsccccavcccccccveccsccesccccecaccccccccseccccccces 47.15 
ASD ....cccccccccscccescvceccccccssencavccecceccccce sence ccccss secvecsensccvccccescescseccorsecess 6.78 

Total ...... ccccccccccccccncecscscccccccccccccvccsscccee sevcce secces sonen ensnananansennnne 100.00 
Sulphur .......00 scscccce anaonnesnasnnannnsnnnenunnnnnnunnonnununnnunnennne anssnussessenunne 2.90 


In Monroe and Knox townships there is an area where this coal is 
well developed. At the mine of Henry Dagon, in eastern Knox, the 
seam reaches a greater thickness than elsewhere, showing the following 
section: 
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Lower Mercer limestone, 2 Denches...... ses seuser ssuunemsonnnunee concerereee 2 

Gray shale..........ccccssescesscscccccsccsccssssecsccccceccnceccececcccecsesesanscscess os OY 

Bituminous shale...........ccscccrscccsscescovsesecscccscseccccccccccessccssserses sense Y 6” 
Coal, upper DONCD........-.cccccccsccscescee seasecosceeses Veosonosesunse sotsccenceces 1’ 8” 
CIBY ......cccccscscscnccrsccsceccsccsesc cess sesecscccsccescccscsonces senses sensoscesercces Y 67 
Coal, Middle bench................cccccsccccarecccccrcscnceccncsesesesccccseecscssees oe 0” 10” 
Slate parting ........cccccsccsscscsscccsecscscecccesccscnsvereeescnscecsascseseccecsccceese 0 2” 
Coal, lower DENCH ..........cssccccvccocccscensccccvcccccecsecesons vances sonsssensesens 1” 2” 


This gives a total thickness of coal of 44 inches. 


A mile north of this locality the seam was opened, but not pursued, 
on A. A. Taylor’s farm (Fig. VI), and reported from 33 to 6 feet in thick- 
ness. The larger figures could not hold over any great area. 

At Washington Taylor’s, in western Monroe, the same coal is mined. 
It is here 32 inches thick, the upper bench being 21 inches, the lower, 
8 inches, with a 3-inch clay parting between. 

The seam may be expected to hold a workable thickness over quite 
an area in western Monroe and eastern Knox, reaching southwards 
towards Black Creek or beyond. In this field, however, the thickness 
of the partings is a drawback, as observed by Mr. Read in Vol. III. 

In central Mechanic township this seam has been prospected near 
Daniel Uhl’s, by Levi Shaffer, where the seam, shown in Fig. IV, con- 
sists of two benches, the upper bench being 2 feet of cannel, and the 
lower 15 inches of bituminous coal, with a formidable parting of 1 foot 
of slate between them. 

In south-western Walnut Creek, Jacob Mullett has prospected this 
seam, where it is 3 feet thick. 

This seam probably possesses a larger acreage of accessible coal 
than any other in the county. It is often so deficient in thickness, 
however, that it is difficult to say whether it, or the Sharon coal, is 
entitled to rank next after the Middle Kittanning (No. 6) in value. 


Upper Mercer Coal (No. 3a.) 


In Killbuck township this seam is a cannel, locally thickened to 7 
or 9 feet, as at the old Strawbridge mine (Fig. VII) and on the Cary and 
Urmson property on the eastern line of the township. A fair thick- 
mess of excellent cannel can doubtless be mined in both these localities 
wehenever there is any call for it. 

In Monroe and Knox townships this is called the “flint vein”. 

On A. A. Taylor’s (Fig. VII) it was 24 to 3% feet thick, in one bench, 


826 GEOLOGY OF OHIO. 


with flinty limestone over it, and 8 inches of flint rock beneath it, as 
reported ; the coal was fragile, streaked, full of sulphur, and melted 


down in burning. x 
In northern Salt Creek this seam is mined by John Amsbaugh, 
and has been opened by many others. Its structure is shown in Fig. X. 


KiGURE X 
UPPER MERCER COAL,(NO.3f.)JOHN AMSBAUGH 
SALT CREEK ‘TP. 
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The thickness runs from 3 to 3% feet. The coal is soft, and requires 
careful mining to separate the dirt and pyrite. Below is an analyss: 


Upper Mercer Coal, John Amabaugh, Salt Creek (Lord). 


Moisture ........cccccsececvecccccee nenonnonnnunnanonenonnunnnn cocsececccessccsce -eecesesecsns 8.80 
Volatile combustible matter ............ccseccccesssccccee sessccccccsccnccsces seccsenes 43.45 
Fixed carbon .......cccccccccccscscenceeccocccccccsscesece scenes scccecesscrscce coccce seeseeccs 28 
ASD 2.0.2 scccsccccccccccccceccenecccceces seccceces covescccsccccccececcoces soseccenscccces sacees - 9% 

Total ........ccccccrececcccescccccescccnsccecceveccesccccescoccuccscececcccee coveue cosoceces 100.0 
Sulphur ...... ...ccccccescsscseccecccnrcces ssscescessessenvessescusesessecsscncencsecnes nenn - 4% 


At Leonard Matthews’, 1 mile east of the above, this seam conists 
of 2 feet of cannel and “ bony ”’ coal, aboye, and two feet of bitumnows 
coal below. An impure, clayey limestone, at least 2 feet thick, under- 

_ lies the fire-clay at this point. 


4 
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On the northern line of the county, in Prairie township; this coal 
constitutes the “limestone” seam, mined by Joseph Redett. (See 
Figs. III and XI). The limestone roof is 5 feet thick; the coal is 3 to 4 
feet thick, averaging 39 inches; the clay floor is 5 feet thick. The 
arrangement of benches and partings is similar to that at J. Amsbaugh’s 
(Fig. X). The middle bench carries a good deal of sulphur and is 
troubled with soot veins from 0 to 2 inches thick. The upper bench 
is cleaner, and is used as a smith’s and steam coal at Fredericksburg. 

In Richland township this coal was opened by Wm. White, but it 
proved to be of poor quality. 


Tionesta Coal (No. 36). 


This coal was formerly mined and shipped by rail at Fredericks- 
burg, near the north line of Prairie township. 

It is the “sandstone vein” of Wayne Hill (Fig. IID, anaes was 
3% to 44 feet thick over a limited area, which is mined out. Around 
‘he margin, 32 inches of good coal remain, lying in one bench, and now 
nined on Joseph Redett’s farm. The coal isa cementing, purple ash 
:oal, contains much sulphur, and is apt to attach to grate bars. This is 
he only place known where it is worth mining. On Rev. Mr. 
AcCartney’s, adjoining A. A. Taylor’s, in Knox township, it was 


= 
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opened, and consisted of two benches of ten inches each, with ten 
inches of shale between them. (Fig. VI.) 


Brookville Coal (No. 4). 


This coal and the overlying Putnam Hill (gray) limestone, are 
exposed in perhaps every township of the county. The two are some 
times mined together for the manufacture of lime, as at Geo. Maxwell’: 
and Samuel Stirlen’s in Hardy, H. J. Asire’s in Mechanic, and else- 
where. The coal is from one to two feet thick, of poor quality, bat 
sufficiently good for burning lime. An exception should be made for 
this seam in Knox township at A. A. Taylor’s, where, although only 
two feet thick, it has been worked considerably on its own account, 
and is considered of excellent quality. It was not accessible for 
analysis. 


Clarion Coal. 


This coal lies directly under the true Ferriferous (upper gray) 
limestone. It is difficult at some points, in the present state of our 
knowledge, to distinguish with certainty between this horizon and that 
of the Brookville, which is due some 20 or 30 feet lower, and more 
investigation is needed upon the relations of these two coals and lime- 
stones. The coal formerly mined by Daniel Shields, just west of the 
Bowen mine, is doubtless the same as that shown in Fig. VII, as the 
Clarion; but at both these points the Mercer limestones are missing. 
The coal, where mined, was 20 to 24 inches thick, and of rather poor 
quality. This horizon, at many places in the county, where most 
clearly exposed, has a thick bed of unusually white fire-clay ander it. 


Lower Kittanning Coal (No. 5). 


This coal is present only in the south-eastern corner of the county. 
The seam, mined by Andrew Schrock, M. Zahner, and others, in south- 
eastern Walnut Creek, is referred to this horizon. In German township 
its outcrop is constant, and it is of workable thickness at Christian 
Fisher’s and Christian Gerber’s, under the black band ore, at George 
Domer’s and elsewhere. On Noah Slaubach’s, near Farmerstown, 
it proved too thin and was enveloped in a very tough sandstone. 

At John Croft’s, in south-western German (Section 24), there is 
either a duplication of this seam, or, more likely, a close approsch (2 
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feet) of the Lower and Middle Kittanning coals to each other, as is 
the case in some mines near Buena Vista, just over the line. The 
upper vein is here (Croft’s) 4 feet thick, and the lower 3 feet, as 
reported. 

At Andrew Schrock’s, in Walnut Creek (Section 24), the coal is 
34 to 4 feet thick, and its structure is shown in Fig. XII. The sulphur 
and mineral charcoal streaks near the center are not permanent. Below 
is an analysis : 


ELQURE AU 


LOWER KITTANNING COAL, (N2 SJANDREW SCHROCK 
WALNUT CREEK TP. 


NONE an ee en 

Soar BE eh En en 2 Cu u er ee Gg” 
Slore Noartıng, RER ne 1a 
ON Sit eae ose tee v Ad" 


>\ore ank S HOE , Wor YU NONE .________. 





Soar .__ Se RE EEE ET TEEN Pe AS" 
Sulphur. DIT iki. y 
Sook ete SERIE EN ER Sn eB | 6 


ONE aca 
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Lower Kitlanning Coal, A. Schrock, Walnut Creek (Lord). 





Moisture .......00-cceccccccncees IR RE NEE ER EEE diuew es dcentaienaceetoaeens 4.49 
Volatile combustible matter ..........ccccoccscescccesecccccccesceuces SET HEN 42.50 
Fix6d Carbon... 2.2.2, nenn 1.27 
BEY a ne nun 5.74 

Ota vise cessncecdctandsueonasicesceup oe saancoatos canon weuweccausscenecdesuxcesdoceoemeeine 100.00 
Sulphur. anne seite „ 841 


These figures show about the average quality of the seam. 
At M. Zahner’s, on the eastern line of the township, limestone 
guides are missing, but the coal now worked is probably the Lower 
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Kittanning. It is 3 feet thick, in one bench, but with sulphur partings, 
from 2 inches to nothing, sometimes appearing in the middle of the 
vein. The ash is purple. The shales above carry shell ore, and 0 
feet above it the Middle Kittanning, a white ash coal, was formerly 
mined. 

The productive area of this coal is probably limited to German, 
Walnut Creek and Berlin townships. 

Middle Kittanning Coal (No. 6). 

This seam is by far the most valuable and accessible in the county. 
It may be said to lie in all the high hills in the southern half of the 
county, and to retain the characteristics which it has in other counties. 
It is a cementing coal, often with a purple ash; it contains a large 
percentage of sulphur, but makes a good steam and domestic coal. 

In German township the following mines may be mentioned 
among others : 


Yagley (formerly Troyer and Dietz) ...........cccesseccossees coeeee Sec. 6 R4 
Noah Slaubach......sesseesesononsenusenessonunensonsnunnne sassscecssenvcese “10 R4 
J. Slaubach ........ccssscscesccsssscescescceccsscccescncseesecceceseseccoecns - “10 BR4 
Valentine Hersh berger ...........c.s.0+ssscsssescosses rosonnonn seeese ces „9 RBS 
Alex. Hochstetter.........cccsscsscccccssscccccccsosscscens anunsensonsnanee “9 RBS 
D. Erb ....ccccscsscccsccscccscsccccscsccscsescccseccoss soses conseas soncssccees “ 6 R5 
John Croft ......0.ccccscccscessccscsccesccssccsscnscossseccsees senses secs seese “A R5 
J. Snellenberger..........csssscscscscccccscccsceccescessncssseccsscessecses ~ “4 R4 


The coal here lies 60 to 80 feet ubove the Putnam Hill limestone, 
and 25 to 40 feet above the Lower Kittanning coal. It is 2} to 3} 
feet thick. At Mr. Yagley’s it lies in one bench without partings, the 
upper 6 inches being cannel, and the ash white. At Noah Slaubach’s 
it is 3 feet thick, including the upper 6 inches of cannel, but thickens 
in the hill. It has a purplish ash. At V. Hershberger’s it is 28 to 36 
inches thick, and should hold over 50 acres. The annual output here 
is 16 to 17 thousand bushels. The coal has a very good reputation in 
the neighborhood. Its physical qualities are excellent, though the 
analysis, herewith given, shows no specially strong poiuts : 


Middle Kittanning Coal, V. Hershberger, German Township (Lord). 


Moisture ......-cccccccosesscccescee svcbeseossesee seceseccceecnscsccesscctsevcce toes: cescescas 451 
Volatile combustible matter...........cccccsrsessccvecccsccccecces cocsscscccsccssccces 44.86 
Fixed carbon ....ccccccccsssccsscccescsscescesese «oe ausssn seceseces cesses sesces cesses peceecee 455 
Ash ETTETPELDTLEILLLLELTILELERRLELTE ov000800000 808080000 0 0009 POP HE H PH. HOCH 5 -.-.ons seaee8 9998 [7 6.08 

Total ..... cecccccccccesoccccces soccer vocccs sencvcces cocccnses cccdcsvecceccasccecce bgececece 100.00 


Balphur .......cccccsesseccsscescesccceee coovecses nasnnnnnnsnnnnensunnunnennunnnaunensennennnne - 48 
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It will be observed that the percentage.of fixed carbon here falls 
below that of the volatile and combustible matter. 

Alex. Hochstetter’s mine is close by, on the opposite side of the 
hill, and the quality of the coal cannot vary much from the preceding. 

At John Croft’s the two seams, already mentioned, representing one 
or both the Kittannings, lie about 50 feet above the Putnam Hill lime- 
stone, and close together. The mine was not accessible at the time ‘it 
was Visited. 

At M. Zahner’s, in south-eastern Walnut Creek, the upper vein, 
considered Middle Kittanning, was abandoned for the lower, which was 
better. The upper was 33 inches thick, was light and burned fast, 
leaving a white ash like wood. 

At Aaron Mast’s, adjoining the above, the Kittanning coals are 
reported to have run near together and then separated. 

Henry Miller’s coal, on section 24, Walnut Creek, is reported as 30 
to 33 inches thick, has a purple ash, and has been worked since 1877. 
Several other openings have been made in this part of the township. 

In north-western Walnut Creek, on Indian Trail, this seam is 
mined by Moses Hochstetter, Adam Scar, Samuel Weaver, and others, 
while the seam extends southward toward Walnut Creek, and eastward 
to the vicinity of Weinsberg. The coal averages 3 feet thick, has a 
purple ash, and is of excellent quality at Adam Scar’s, as the following 
analysis, by Professor Lord, will show : 








. . . ° Lower Upper 

Middle Kittanning Coal, A. Scar, Walnut Creek. Bench. Bench. 
MOIStUre .....00ce cccccccccvccceccccccvccesscessccecesccecencceecesccccecessecsensesees 5.63 5.55 
Volatile combustible matter ...........scccccccccccsccsccccescccseccscccconsse 89.59 41.41 
Fixed carbon ..... 2.0. ccoscoccccccscvccccocs sunnsenonnnannnnnnnnunsennnnannennunene 49.88 49.87 
ABD ......200 20000000 cocccccnvcccccetencccecs sennnnene wensnssunsneonnsssuumannennune as _ 4.80 8,17 
Total ......cccccsccccccccccccccccscccsccscccccccescccsessccccvsccceesccsesocsees 100.00 100.00 
Sulphur..........ssossoonssnosssansnnneneunsnnnnusnsnuseusonennsnnenumnennnnennunnnen 2.54 2.85 


These figures indicate the very best phase of the Middle Kittanning 
coal, and if the average output can keep up with them no more could 
be asked. The percentages of ash and sulphur are low, while that 
of the fixed carbon is near the maximum for this seam. The benches 
are of about equal thickness, with a two-inch sulphurous parting be- 
tween them, as shown in Fig. XIII. The lower bench is used as a black- 
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smiths’ coal. The roof is of strong slate, and the floor of hard clay 
The coal is not strong physically. It is mined by wedging down, after 
bearing in below—the common method for this seam. 


FIGURE XM 


KITTAN NING COAL(N26) A.SC AR, 
WALNUT CREEK.TP. 
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At Berlin village there are two coal seams, which lie, after allowing 
for considerable local dip, about 35 and 75 feat above a gray limestone. 
They have been designated Nos. 6 and 7. The upper is probably 6a if 
the lower is 6. The similarity of the section, however, to those in 
German and Walnut Creek townships (see Fig. V), raises the question 
whether these are not the Kittanning coals, 5 and 6. But as sufficient 
examination of the region has not been made to warrant a change, the 
lower seam will be discussed as No. 6. It has a sandstone roof, though 
shales sometimes intervene. The ash is purple, and there is an inconstant 
middle parting of sulphurous matter. It is 33 inches thick, and is 
mined by Dr. P. P. Pomerine and George Hott. Dr. Pomerine’s mine 
was sampled with the following result: 


Middle Kiltanning Coal, Dr. Pomerire, Berlin (Lord). 





MOisture.......ccccscccccssevcccscccccsccccccccccscccccceccscsccccese seccecenescocccesecccconces 441 
Volatile combustible matter .......cccccscosscsssccscsossessceescecssees M cosenscocens . 4405 
Fixed carbon .....cccssccocescccccecccees fBanno nennen nun tocens covscssccceccccccceeseuccscrcces 45.17 
ABD. RR 6.37 

Total ..ecscceccecsescecsssssssossccacecssacsecsscecesccacsacenceacacsns sosesscesecsansorens 100.00 








CUAL SEAMS OF HOLMES COUNTY. 833 


The coal is strongly cementing, forms clinkers, and is not strong 
physically, yet makes a valuable domestic fuel. The large local dip and 
occasional sandstone horsebacks from above have given trouble in this 
region. j 

The upper vein was mined for a short time by G. Hott. It was 30 
inches thick. The hills in this region rise from 100 to 130 feet above 
the gray limestone, and quite a large area soutlı and east of Berlin 
should carry these coals. 

In Mechanic and eastern Killbuck townships there is a productive 
area of Middle Kittanning coal, where it averages 34 feet thick, and is 
mined by John Purdy, Esq., Levi K. Uhl, Wm. Galion and Cary and 
Urmson, the latter parties owning the Shepler or Holmes County Com- 
pany property. At J. Purdy’s the coal is 3 to 34 feet thick, with a 
cannel layer 2 to 6 inches thick a little above the middle. It is bright 
and black when freshly mined, but the pyrite is apt to oxidize upon 
expösure to a white bloom of copperas. There is some mineral charcoal 

«near the top. Below is an analysis : 


Middle Kittanning Coal, J. Purdy, Mechanic Township (Lord). 


Moisture ...,...ccccccccescscseecesseves N ceccevcecsccccsccscecenccessseoncees soscucescencccacs 4.10 
Volatile combustible matter ............ccccecceescscescecncccnesccccecaccee cossevecscs 42.47 
Fixed carbon .......cccccecccsescccccccccccces ccvscese ccccsestccescceces cosas sececesocses 42.24 
Ash 202... ccc ccc ccs csccccces scccsccesceccccescccnces cocccucccesscccescceccccsecescccsccscesececs 11.19 

Total .......0..cccccsecccscccccecerscsscccecces seccus vecsuseus: cousseee seccvecsssscsccccecs 100.00 
Sulphur .......ccecesccacscscceccescncccses sonsessseeescceesseesscseseces senses sseseeeas reese 5.08 


The percentage of ash is here large. Probably it can be mined so 
that these figures will be reduced. 

At Levi Uhl’s the face of the coal shows 4 feet of thickness, in 
three benches, several inches of cannel coming in at 3 feet trom the 
bottom, and a slate parting one foot from the bottom. 

On the Cary and Urmson property the coal is 40 to 48 inches 
thick, averaging 42. Its structure is shown in Fig, XIV, though it varies 
in different parts of the mine. The upper bench, above the cannel, is 
partly an open-burning block coal, and partly tenderer, with some mineral 
charcoal. From the analysis given below, the upper bench appears to 
differ but little from the average of the seam, excepting in the percentage 
of sulphur. 


3 6. 
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TIGURKE KY 
MIDDLE KITTANNING COAL (Ne 6) 
CARY & URMSON, KILLBUGH TP. 
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Middle Kittanning coa!, Cary and Urmson, Killbuck (Lord). papper ee 





Mostüre as tie 4.37 5.50 
Volatile combustible matter ..........cccscsscccsccccccecs socccccscceceveccoes 43.82 42.03 
PUR OG Carbon: N... acc career cate ence ess a aE 44.68 44.59 
PST EN DEROER SAUER RE REN EEE ER TREO DER TENSETUENE 7.13 7.88 

SL OUR IN 2er 100.00 100.00 
Bulphur.2.... sea altern 5.08 | 3.86 


In the field just described, this seam lies 80 feet below the summit 
of the hills, and about 300 feet above the track of the Cleveland, Akron 
and Columbus Railroad. A branch track is graded up Shepler Run to 
the foot of the incline from the Cary and Urmson openings, made by 
the old Holmes County Company. Under judicious management a re- 
equipment of the mines for work on a large scale could doubtless be 
made profitable. The acreage is considerable, Messrs. Cary and 
Urmson alone owning the mineral on 700 acres, a fair proportion of 
which is high land carrying No. 6 coal. 
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FIGURE AU 


MIDDLE KITTANNING COAL (N26) 
E.anp D.BOWEN, HARDY TP. 
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Across the Killbuck, in the north-western corner of Hardy town- 
ship, is situated the Bowen mine, where coal has been dug for 50 years. 
For the structure of the hills and of the coal seam, see Figs. VII and XV. 
‘The seam here averages about 4 feet in thickness, ranging from 3 to 44. 
The pyrite streaks shown in Fig. XV are not everywhere persistent. 
The lower bench is considered the best. Both benches thicken, and 
the quality improves where the seam is thickest, as reported. Two 
analyses are given—one of the average run of the mine, and the other 
of picked samples: 








Middle Kittanning Coal, Bowea Bros., Hardy (Lord). Average | Picked 





of mine. | samples. 
Moistüre 2:2... nee ee DEREN: 5.41 7.44 
Volatile combustible matter ................0.0nsr00onnonnononneenernunn nenne) 42,39 41.42 
Fixed carbon... ans ae 45.38 48.61 
MEN Auen ehe nr A an 6.82 2.58 
Totals: 22,2 ses RT EIERN 100.00 100.00 


PSE) DUO i seas Zaire 472 2.28 
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These widely different figures show the use of proper sampling. 
The daily production of this mine, in winter, is about 30 tons, requiring 
15 miners. The coal] is shipped by the Cleveland, Akron and Columbus 
Railroad to Millersburg and various other points, where it is in good 
demand as a steam and domestic coal. The mining is principally done 
upon the 100 acres owned by Anson Myers, of Millersburg. The hills 
northward and eastward also carry the coal, and it is mined by John 
Howe, Charles Steele and Wm. Lisle. Judge Armor’s hill is ex- 
hausted. 

In Knox township, the upper or “four foot vein” at A. A. 
Taylor’s, 23 miles south of Nashville, is regarded as Middle Kittanning, 
for reasons already stated. It shows sulphur streaks at sixteen inches 
from the bottom. This locality is practically exhausted. 


Freeport Coals (Nos. 6a and 7). 


The Freeport coals have little, if any, value in this county. The 
Upper Freeport seam, shown in Fig. VII, has a thin cover and limited 
area, being contined in this case to a single hill, The same remarks 
will apply to north-eastern Killbuck, where it is 23 feet thick, and 
found at 73 and 76 feet above the Middle Kittanning. The upper 
seam at Berlin, which may be one of the Freeport coals, has better 
cover and considerable area, and may be reckoned as valuable. 


NOTE. 


On mav No. 4, accompanying the present volume, the boundary of the Lower 
Coal Measures in Holmes county is represented, and also the areas occupied by the 
Kittanning coal. The first-named boundary is taken from Newberry’s map. It isa 
matter of regret that Professor Wright could not have had these latter results before 
him in the making of his report, but they were not obtained until after his work was 
completed. With these facts in hand, a few of his statements might have been 
modified. - 

The outlines of the Kittanning horizon in the county will surprise every one 
who examines them who has also a knowledge of the geology of the county. In no 
other district of the State has this formation suffered so extensive erosion, at least 
without being altogether removed. Originally covering a full half of the area of the 
county, nothing is now left but long snake-like ridges, seldom a mile in breadth, and 
disposed in fantastic and unexpected shapes. The acreage is very much less than 
has been generally held by those best informed as to the county, but numerous 
localities can be selected in which a mine could easily tap an area of 600, 800 or 1,000 
acres. E. O. 
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CHAPTER XIV. 


THE COAL SEAMS OF THE LOWER COAL MEASURES 
OF OHIO—ContTINvVED. 


MINES OF COSHOCTON COUNTY. 
By Epwarp ORton, JR. 


A general review of the stratigraphical geology of this county, to- 
gether with a brief description of the development of its minerals may 
be found in the report of Prof. J. T. Hodge (Vol. III, Ohio Geological 
Survey, pp. 562-595). Since the publication of that report (1872), its 
coal fields have undergone considerable development; a description of 
their present condition will form the subject-matter of this report. 

Though limestone, sandstone for building purposes, iron ore and 
fire-clays, are found in all parts of the county in limited amounts, yet 
they are of small economic importance, and are of interest mainly as 
geological landmarks. 

The number and position of the coal veins and the more important 
of the other strata exposed in the county may be seen in the following 
general section : | 


GENERAL SECTION. 


No, Name. Equivalents. Thickness. 

18. Upper Freeport Coal and Clay (No.7 of Newberry) variable. 

17. “ Limestone ___senosnnnonusnnuseruenne seces “6 

16. Lower Freeport Coal and Clay (No. 6a of Newberry) “ 

15. “ Limestone (Buff Lime‘stones) “ 

14. “ Sandstone (Heavy and Massive, pebbly) 80 feet. 

18. Middle Kittanning Coal and Clay (No. 6 of Newberry) 8 to 6 ft. 

12. Black Limestone, or Marble (Local) _— 

11. Lower Kittanning Coal and Clay (No. 5 of Newberry) local. 

10. Putnam Hill Limestone and Ore (Gray Lime of Newberry) 4 to 8 ft. 
9. Brookville Coal and Clay (No. 4 of Newberry) 2 to Y. 


8. Tionesta Coal (No. 85 of Newberry) local and thin. 
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7. Upper Mercer Limestone (Flint Horizon) 3 to 6 ft. 

6. “ Coal and Clay (No. 8 B of Newberry) 1 to 9 ft. 

5. Lower Mercer Limestone (Zoar of Newberry) 1 foot. 

4. “ Coal (No. 8 of Newberry) thin. 

8. Massillon Sandstone—Heavy _serensnensonnensnenunsnnnneuen 100 ft. 

2. Sharon Coal (No. lof Newberry) thin and uncertan 
1. Waverly Group, flagstones (Shales and Conglomerate) 200 feet. 


These elements cannot all be found in any one section, but in some 
particular locality in the county each is a well-marked horizon. The 
differences of level between these elements vary greatly ; a characteristic — 
section for all the central part of the crunty is given on page 95 of this 
volume from the Beech Hollow mines near Coshocton. 


CoaL SEAMS. 


The coal seams which are of economic importance are the Upper 

Mercer (No. 3a), the Brookville (No. 4), the Lower Kittanning 
(No. 5), and the Middle Kittanning (No. 6). Coshocton county has bm 
small importance at.the present time as a coal producing center, onls 
80,000 tons being credited to it in 1883. The railroad trade is confined 
to a few banks only, but these are of very fair capacity ; the rest of the 
county at present supplies the demands of home consumption alon, 
waiting increased facilities and increased inducements to open up in th 
large way. In Tiverton, Newcastle, and Perry townships, on the 
western edge of the county, many efforts have been made to use the 
local streaks of the so-called No. 1 or Sharon coal, which lies at the top 
of the Waverly and at the bottom of the heavy Massillon sandstone 
In no case has any degree of success been attained, though banks har: 
been kept running for a year or two at a time. The coal is thin, of po 
quality, and constantly liable to sandstone “ cut-outs.” 
_ The Lower Mercer Horizon furnishes here, as elsewhere, one of the 
most constant and certain guides in a study of stratigraphical order, bu 
its usefulness is confined to that. In no instance in Coshocton count 
has coal from this horizon been found thick enough to mine, by th 
investigations of the present survey. 


The Upper Mercer Horizon. 


The Upper Mercer Horizon, though not so very, stable a: 2 
element in the scale, is developed in one district in a very noticesb+ 
way, and will doubtless become a source of some revenue to the count’. 
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In Bedford and Jefferson townships, the limestone is found over- 
lying a bed of cannel coal from 1 to 8 ft. thick, accompanied by from 
1 to 4 ft. of bituminous coal. This is without doubt the finest proved 
deposit of cannel coal in the State, both as to area and thickness; as to 
quality, there are small bodies of cannel elsewhere, which are as good as 
this, though none excel it and none are so easily accessible, when railroad 
facilities are secured. The limestone of this horizon is found in a large 
part of the county with tolerable regularity ; in some districts it does 
not appear at all. In all its showings, it is a blue, hard limerock, from 
3 to 6 ft. thick, divided into a lower layer of homogeneous rock, and 
an upper layer of either solid flint or interlacing nodules of flint im- 
bedded in a limerock matrix. Ags it is worn away by the atmospheric 
agencies, the upper or resisting layers overhang the more easily soluble 
ones beneath. This distinguishes it from the Lower Mercer, which is 
always a pure, uniform layer of blue limestone. 


The Bedford Cannel Coal. 


The importance of the Upper Mercer horizon is confined to the 
single field already mentioned, which is best known as the Bedford 
cannel coal field. The area covered by this deposit was made the sub- 
ject of careful investigation, and forms the subject of the accompanying 
map. The boundaries of the ground covered by the formation itself, 
are included between the Walhonding river, on the north; Jackson 
township, on the east; Tunnel Hill, or the Coshocton and Bedford 
road, on the south, and Newcastle, on the west. The square area in- 
cluded between these limits is about 16,000 acres, but the curved out- 
lines of the formation do not include over 12,000 or 13,000 acres. 


Occasional outlines of the main body are found, but are of no 
value ; two miles north of the Walhonding river, in Jefferson township, 
the cannel has degenerated into 7 ft. of a rich black shale, and in the 
eastern edge of Newcastle township an opening shows only 34 ft. of an 
impure bone coal on this horizon. To the eastward, as far as Roscoe, 
reports are current as to the presence of this coal, but they are too 
indefinite to be depended on. At Roscoe there is a small local develop- 
ment of cannel on the horizon, but it is altogether improbable that it 
has any connection with the body of the coal 10 miles to the westward. 

Inside the approximate boundary which fixes the feather-edges of 
the formation itself, are secondary lines which mark the areas of 
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valuable coal. These are three in number, and may be well seen in the 
accompanying map. From these areas as outlined on the map must 
still be subtracted that cut out by the drainage of the territory ; 
diminished by this amount the area is estimated to be between 1,400 
and 1,500 acres in extent. 

The structure and character of the vein, as variously seen, will 
now be taken up. 

Beginning at the westernmost edge of the district, we find, about 
4 mile south of Mohawk Village and the high hill which lies between 
the forks of Mohawk Creek, the mine of Jas. Givens. The mine is 
newly opened, and its best coal is not yet reached. The cannel was 
6 ft. thick, sound and hard; not so conchoidal in fracture as seen in 
some other localities, and of a little less luster than usual. No test of 
its quality by general use had yet been made. 

Crossing the east fork of Mohawk Creek and ascending the high 
hill to the east, we approach the banks of James and John Moore. 
They are situated about 1 mile east of Mohawk Village and in the 
small central area of mineable cannel indicated on the map. The 
bank of John Moore was worked on an extensive scale in former 
years, but has now been idle for a long time. It could be put into 
working shape with some little time and labor. The bank of Jas. 
Moore, or the northernmost of the two, is one of the old mines of the 
country, but is still open and serves during the winter months as a 
neighborhood bank. The coal is seen in one of its best exposures here ; 
it is 6 feet thick as a regular and constant thing, and is overlain by 1 
foot of soft bituminous coal, which affords ample opportunity for the 
miner to make his “bearing in”. The coal mines without the use 
of powder, with hammer and wedge alone, into large solid blocks like 
quarry stone. They often come out so large as to be used by the 
country peoffle as steps and horse blocks, being durable enough for 
that purpose. The mines have been worked on the single entry plan 
and have been somewhat damaged by poor mining, but the strength of 
the roof is proof against any ordinary abuse, and the mines are still in 
fair shape. Going eastward, the cannel thins down again; on the 
lands of Mr. J. Park Wheeler, extending down into Flint Run bottoms, 
the coal is present, but too thin to be valuable, but on the opposite side, 
on the lands of Mr. J. M. Creighton, the coal thickens up to a good 
height. Following the ridge road eastward, the banks of Messrs. 


# 


848 GEOLOGY OF OHIO. 


Mowrie on one side and Lyman on the other, appear. These two banks 
are in the largest body of the coal, and are also located in one of its 
best exposures. The structure is shown in the appended section, 
Fig. I: 
FLEURE 1 
MDWRIF.S CANNEL COAL. 
Kb u. oe RE 
limestone... 
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The cannel is firmer and harder at this bank than in any other 
now open. It is exclusively close-grained and curly, and its face and 
butt slips are so little defined as to make it necessary to use powder in 
mining. The bituminous coal is quite soft just over the cannel, but 
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becomes harder again near the roof; it is rather pyritous, but as it will 
cost nothing to take it down, when the cannel is taken out, it may be 
a source of profit to the operator. 

The same conditions prevail at the Lyman bank on the northern 
side of the ridge; the coal presents the same section and same general 
character, but is much more easy to mine. From this bank and that 
of Mr. Jas. Sharpless, near by, the sections were taken which led Prof. 
Hodge to pronounce it the Lower Mercer coal. From a consideration 
of the section at these two places only, hig conclusion is a natural one. 
In this section the two upper elements are in their regular - order and 
interval, but the remarkable substitution of the sands and Shales in 
place of the Lower Mercer Horizon is immediately apparent. The 
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typical section of the whole cannel district and of a large band of 
territory extending nearly to the southern edge of the county is her 
given as it was measured on the lands of Jas. Sharpless, not more than 
4 mile from the position of the former section. 


This section is exemplified in nearly every ravine in the township, 
and along many of the public roads the elements crop out. 

The structure of the Sharpless coal is much like that of the 
Mowrie Bank. 


FIGURE AW 
SHARPLESS' CANNEL COAL SEAM, 
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The soft coal over the cannel still affords every chance to the 
miner ; the cannel is here in one of its best phases—it is highly con- 
choidal in its fracture, and breaks with no reference to its lines of 
bedding. The coal is divided into 3 grades; the middle is the bex 
and the top coal the least desirable. In this top coal the most beauti- 
ful impressions of Stigmaria with lateral rootlets were seen; neary 
every mine car contains what would be a prize in a geological museum. 
The composition of this coal differs in a marked degree from thew 
cannels reported heretofore. This may be due to the selection of ı 
sample, as it was the aim to get one which should fairly represent the 
run of the mine, including top, middle and bottom layers. The 
analytic methods also differ from those employed in the previous work 
of the survey. 
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Bedford Cannel Coal of Jas. Sharpless (Lord). 


MOIBtU FO: ».:::500000 ee ee EUER EOS ERESRENE 2.35 
Volatile hydrocarbong .„u....0.s0es0r000000n0uennanonanon snanensnnannseonsnnersennnnens 47.05 
Fixed Carbon: u... eier ame 87.00 
Abb una eneeneinsen ERSTES UEEEIETEL TITLE 13.60 

Otel ss ash . 100.00 
Bulphur:..u: seen 2.88 


The high per cent. of ash is due partly to the mixing in of the top 
band, which is frequently rejected in mining. _ 

The Sharpless bank is located on the northern edge of Bedford 
township; the largest part of the good coal lies due south of this point, 
extending in an elongated area nearly to Tunnel Hill. In this district, 
there are many more openings of the coal, but none as important as 
those already mentioned. Nearly 700 acres of the best of this land 
was bought by a railroad line, which was to tap this coal years ago. 
One mine, known as the Wilcox and Osbourne bank, is kept open in 
the center of this tract; from it the following section was obtained : 


FICURE WY. 
ILCOX AND OSBUEN CANNE'L COAL. 
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The owners of the tract will be fortunate if this section represents 
the whole of their property. At this same place the Middle Kittan- 
ning coal (No. 6) is opened in’ an outlier, one of the westernmost in 
the county. 
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_ We have now considered the area, structure, and developments of 
the Bedford cannel coal, the best deposit of its kind in Ohio, and one 
of the few developments of the Upper Mercer horizon, which assumes 
economic importance. Its thickness is seen from those places already 
described, to have considerable range; it runs from a mere streak to 
maximum thickness of 9 feet at the Wilcox and Osbourne bank. In 
the banks now oper in those areas called mineable, the cannel shows 
well, but in that larger part which of course is not accessible till 
mined, the thickness is unknown. Judging from the workings and 
exposures already made, it will not hold up to an average of 5 feet of 
cannel coal over the areas marked. Around the edges of this ares it 
runs down to an insignificant size, in a very short distance. Further 
work could be done to advantage in making careful analyses of the 
different layers or grades, and also from averaged samples of all the 
different banks now open. Until this is done, the district will rest 
_ under more or less of an unfair representation, as one analysis on the 
run of one mine is surely not justice to the district. Further work 
would prove the character of the whole area, and might be the means 
of discovering some coal worthy of special adaptations. 

One of the principal uses to which cannel coal is put, at present, 
is in enriching ordinary coal gas with those illuminants peculiar to the 
cannel. Its cleanliness and bright blaze make it also sought after for 
household use by those who can afford the luxury. In former years, it 
was extensively used as a source of the light oils which may be diz 
tilled from it. This industry had begun to assume large proportion: 
when the discovery of petroleum }.ut an end to it. 


The Brookville Coal (No. 4). 


In three townships in the western part of the county, this coal i 
developed to a small extent. They are Newcastle, Jefferson and Bed- 
ford. 

In Newcastle township, there are 4 coal banks in this seam; ther 
are the westernmost coal banks in the county. The coal underlies the 
gray limestone directly ; this limestone is only a few feet beneath the 
hill tops on the western side of the township and about 2 miles beyond, 
runs out entirely. There is a remarkable shortening of the interval 
between the Lower Mercer and the Putnam Hill limestone at ths 
point. The following section was obtained at the coal bank ol 
Anthony Lavelle, close by Newcastle: 
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8. Putnam Hill limestone, thin.............c0scccccsesccccsceeccncsevescoseceees 135 feet. 
7. Brookville coal (No. 4), 88” thick ....c.scosescsssecssccsesesseccosorescees: 182 “ 
6.: Ooal streak (NO. 80 7) sa... nassen 115“ 
5. Lower Mercer limestone ....e.eessssssonsnssuonsnensnnnensnnssonssssnnnsnnnenn 101 “ 
4 * “Coal and clay (No. 8)..........000s0. pupnaseccitegvceestdews — * 
3. Shales and shelly sandstone .. .........ssscssescseccevsccesccessccessccerees 98 “ 
2. Heavy Massillon samdstone............scsscscrcscccsscscscccescccesccsscevess 50 “ 
1. Sharon coal (No. 1) .....0cscssescssceesccers socescecs Aasustabinwesbahedsaceaies 0 * 


This coal bank supplies coal to the south, west and north; its 
coal is of fair quality, and is preferred by many of the farmers to the 
cannel of Bedford township. | 

Calvin Staats and Samuel Severns also have banks in this coal 
about 2 miles south-east of Newcastle. Ransome Severns, on the 
eastern edge of the township, also mines this vein; it is here 32 to 36” 
in thickness. 

The Upper Mercer limestone is found 37 ft. below the coal, cover- 
ing a mere streak of its own coal. The layer of flint, which belongs at 
this level, is here shown in strong force. 

The coal assumes its best features in the next two townships, Jeffer- 
son and Bedford. It occurs in the same district as the cannel coal, and 
is more popular among farmers. In Jefferson township it appears in 
nearly every section and on nearly every farm. It is mined by John 
Moore, W. P. Wheeler, J. M. Creighton, and Wm. McNabb. None of 
these employ more than 5 men in the press of the winter’s trade, and in 
summer all are idle. The coal is bright and handsome, mines easily by 
pick alone, and has an excellent roof. At John Moore’s bank it shows 
the following section : 


FIGURE Wh 
SECTION OF J.MOORES COAL N24 
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The two partings shown above always characterize the seam. 
Though it meets the demands of home consumption, it would probably 
show a high per cent. of ash on analysis. 

In Bedford township, south of Jefferson, the coal still presents one 
of its most useful phases. Its development falls off from the center of 
the township southward, just about as No. 6 coal begins to be of some 
service. There are no banks of No. 4 coal east of Bedford township. 
On the farms of Elias Norris, Jacob Adams (2 banks), Ethan Wright, 
James Hardman, Elizabeth McCullah, and James H. Pigman, Bedford 
township, this coal is opened and worked. It runs from 3’ 3” to3' 9, 
and everywhere exhibits the same structure as seen in Fig. VI. 

It is a fairly good coal, but yields considerable ash of a white color; 
it mines freely with use of powder. No analyses were made of it. It 
is everywhere found under a heavy bed of Gray limestone. The follor- 
ing section illustrates its position with reference to the Mercer group: 


Section on the Lands of R. Barreit.. 


(Northern edge of Bedford Township). 


7. Gray limestone, thick............ccc:cccccccccccccsccccscnccssces cesses ccscooses 90 feet. 
6. Brookville coal (No. 4) 897 thick............... Lenssnsnneesnsnnennsue acces 8 * 
5. Upper Mercer limestone, thin and flinty............s.sseesesreeseeees . 60 * 
4, Cannel coal, 48” thick (No. Ba).. ......scseccsssesceccerscscescccecescescsces 5B 
8. Lower Mercer limestone............sccccescosseces Sob ceccescccessacee sonnenane 25 “ 
2. Coal streaks (No. 8) ...........cccccccsscscccccceccenteressces sees ansunnennnenn „ 18 “ 
1. Ore nodules and coal streaks ...... ...sccsesssscsscsccscecescescescoccecee cee 0 * 


Another typical development is found on the lands of Col. Pren 
‘Metham (N. E. 4 of N. W. 4 of Jefferson township) : 


7. Putnam Hill limestone ...........cssccccsccsesse seccoccssceccscssccscsenes 100 feet. 
6. Brookville coal (No. 4) 36/7 .......c..ssscssccscsccecsescescescscescscseces . FT * 
5. Flint modules..............ccsscececccesccessees | peewee soccer sssesssceassac stance 62 “ 
4. Upper Mercer lime ...............csssscsecersccecerece soccer cnssassen soeess - 6B * 
8. Cannel coal (No. 32), thin ............ ...... naeee secceseecsosscensececens . & * 
2. Lower Mercer limestone, heavy ...... „..esesonennsenneesonnennsarnen - 8 % 
1. Coal streaks (No. 8 7?)..........c.sccscccssseccccscesscesssaccesseonesseneences 0 * 


Sections illustrating these relations can be repeated indefinitely. 
These developments of the Brookville coal, small and local as they are, 
are of a much more profitable character than this vein usually shows. 
Stark county is the only one which puts it to a wider use. 
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Lower Kittanning Coal (No. 5). 


This horizon is an uncertain one in Coshocton county; in a large 
part of the district it does not appear at all; in only one township 
(Jackson) does it appear in workable dimensions. Along the hills 
fronting the Muskingum Valley, and about 1 mile south of Roscoe, the 
refuse of the old coal mines attracts the eye. On investigation it is 
found that debris has been accumulated on two different levels. The 
upper is seen to be the Middle Kittanning, and the Lower Kittanning 
is found 30 feet lower down. All the workings have long ago fallen in, 
and even the character of the vein is forgotten. Southward it disap- 
pears entirely, but along the Bedford road, westward from Roscoe, it is 
seen occasionally. In the S. W. corner of Jackson township a few 
exposures of it are seen. On the lands of J. M. Passmore the following 
section was measured : 


6. Middle Kittanning coal, 87 10/7..........ssccccssccsssccscscssssevecssenecesees 85 feet. 
5. Nodular iron Ore, at.......sscsccssccssceserccccescsncecassscccccus scenes sescseces 7b “ 
4. Calcareous sandrock, at.......cccccccsscccce cesses cccerscscccs ceccccesescovasees „0 “ ' 
3. Lower Kittanning coal, 4’ 07, at .........cscsccccsscececses coos sesceesaneces 54“ 
2. Gray limestone ...... eeeeeceeeccaeseeesceseesscces senses aescessacees sacsessesensons 6 “ 
1. Brookville coal (thin) ............sscccscsssessscssccssoesccesee zeonononansn senses 0 “ 


The lower coal is not worked; it is covered by a peculiar deposit 
of calcareous sandrock of local character. On the lands of Robert 
Crouch, Sec. 16, Jackson township, both coals are opened, but the lower 
is not worked to any great extent. It is inferior to the Middle Kit- 
tanning coal. 


The Middle Kittanning Coal (No. 6.) 


This seam, which is quite widely known as the Coshocton coal, is 
the main economic feature in the geology of the county. It is the only 
coal in the county which finds its way to outside markets, and besides 
this it supplies the bulk of the home demand. 

. The line of western outcrop of the coal and the areas occupied by 
it are shown on the map that accompanies this report ; at Spring Moun- 
tain, Monroe township, its westernmost exposure appears near the top 
of the hill on which the town is situated, but it makes but a point on 
the map. No further workings are found to the eastward until about 
two miles from Helmick, Clark township. On the land of John Moore, 
one mile east of Mohawk, an outlier of No. 6 coal is found in the very 
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summit of the highest ground; another is found about $ mile west of 
the town of Bedford. The line of the outerop of the coal runs nearly 
north and south and about 4 miles to the eastward of this line of ont- 
liers. Passing into Washington township the line swerves to the east, 
and the last opening in No. 6 coal is found about 3 miles west of Adams's 
Mills just inside the county line. 

No. 6 attains position as a mineable coal very soon after its first 
outcrop appears. Beginning in Clark township, where it enters the 
county from the north, its development will be noticed in each successive 
township southward. 

Clark Township.—The whole supply of fuel in this township is 
derived from the No. 6 coal. The mines are’all situated in a group on 
the southern edge of the township. The hilly ground to the north- 
ward holds the veins, but in unpromising condition. The first good 
coal is found just south of Killbuck Creek, at Helmick. It is 
opened on the farms of Wm. Darr, Nich. J. Mullett, Joel Glover, 
Thomas Elliott and Samuel Felton. The coal is nearly uniform in 
appearance and quality; it is quite strongly coking; burne with 
the production of much tarry matter and the evolution of a good deal 
of gas, and makes a hot fire. It is high in sulphur and destructive 
to the linings of stoves. Its ash is a strong purple red color. Its 
thickness ranges from 30” to 42”, occurring in two benches, separated 
by 2” or 3” of clay or soft slate. 

On the lands of Samuel Felton, Section 17, the following section 
was obtained : 


6. Middle Kittanning coal (No. 6), 8277.........scccsscsssssccsces sasseccsecrees 128.’ 
5. Probable level of Putnam Hill limestone................sccccceccscces covees 70. 
4. Upper Mercer limestone...............-cscccscscscccccecsccccecsrececese nanunenes 38. 
8 “ Coal (No. 82)....cccccessccseeceeees ssasesecs sescssecccessancacs 3.’ 
2. Lower Mercer limestone (Zoar)........eessensensensannnunnennnnnnannnnnnunenener 10” 
| # ©  Ooal (No. 8)scccccsccscessesccesssccesscececessceoes soscnsers cesses 0/ 

Total .......0 000000 20000002 cvoscccsccccccsaccees cosnsee sannsnunsenenunensene annenunnane 128. 


Other sections are found in this vicinity, which show the Putnam 
Hill limestone at its normal level above the Lower Mercer, though it 
was concealed in this case. 


Bethlehem Township lies to the south of Clark and east of Jeffer- 
_ son. Across its southern and western borders the valleys of Killbuck 
and the Walhonding river have cut out all possibility of coals. No 
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coal is worked in the township, except that of J. C. Endsley, on the 
northern edge, and just over the line from the workings in Clark town- 
ship, already described. The same features characterize the seam here 
as at those banks just north of it; it is a coking, red-ash coal, high in 
sulphur, and making a very hot fire. It is called “rich” and “ fat” 
by the people of that country. It is bright and handsome, rather 
tender, and quite high in sulphur. At this bank it is 3’ 10” high, on 
the average, and occasionally 4’ 2”, with one clay band near the 
bottom. 

A section measured at this locality presents the following elements: 





6. Lower Frewport coal? (80/”).......ccsscsccscsccccssesccescssscccscsssescssess „ 178/ 

5. Middle Kittanning coal (No. 6) (42%) .......unuusnennsnronnenunsnne nennen 108.’ 

4, Putnam Hill lirmestome.........ccccescesceccscsoscccccscnccccvcvcccssescs socses 716.7 

8. Brookville Coal (No. 4) (18°) ......sssccccsovcsscccce sense snonnonnssunusenee 714.76” 

2. Lower Mercer limestone. ...........ssscscscsscscsscccccescesescsscccccescscss ja 1/ 

1. Lower Mercer coal (No. B)........ es snnnnensnunnunann sen anne sosecs senenees 0.’ 
Total .........sccssccsascesscecscccee covcenees coscscscscnscsesscecssseccecccsceces nenn 178, 


The special feature to be seen in this section is the remarkable 
shortening of the interval between Nos. 4 and 6 coals. 


Jefferson Township, lying just west of Bethlehem, has already been 
mentioned as containing an outlier of the Middle Kittanning Coal. 
No banks are opened in it. 


In Bedford Township, the coal begins to assume economic value. 
Besides one bank, questionäbly No. 6, all workings are found in the 
south-eastern } of the township. There are 4 banks now open, viz.: 
Daniel McCurdy, Sec. 19; Wm. Sproul, Sec. 19; Wm. Parrish, Sec. 
19; and Perry Sisley, Sec. 22. Besides these, several other farmers 
have openings, but little used. The coal is soft and easily dug; no 
powder is used and often a pick alone suffices. Under good cover it 
is black and cubical, though quite red on the outcrop, and it is quite 
cementing in character. It runs from 36” to 42” in thickness, and 
carries the clay band which characterizes the seam throughout the 
county. 


In Washington Township, the No. 6 coal barely enters. No open- 
ings have been made. This completes the line of townships in which 
the westernmost workings and exposures are found. It has been 
noticed that the distance between the line of first exposures, or out- 
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liers, and the line of workable coal is very short; about 4 miles is the 
usual distance. The coal in these townships exists in too small areas 
to become a basis of large mining operations. It is too near the out- 
crop, and consequently too poor in appearance to bear competition in 
railroad markets, but it will serve an important purpose in supplying 
the home demands of the population for years to come. 

In the second tier of townships, just east of those described, this 
seam possesses quite unequal values. In several of the townships it is 
at its best for Coshocton county, while in others it has but little worth, 
as will be shown. The townships of this second tier are Mill Creek, 
Keene, Jackson and Virginia. 


Mill Oreek.—The coal developments of this township are limited. 
The lands on the north are very high, and rugged, and the coal does 
not seem to be of any value onthem. On the south, the coal is worked 
in a small way, but the abundance of wood, for fuel, makes the use of 
coal less general. 


_ Keene Township.—The Middle Kittanning coal is worked in this 
township on only 2 farms, though nearly all the ground holds the seam. 
The proximity ot the constant and cheap supply of the mines around 
Coshocton discourages the opening of the usual number of country 
coal banks. At the mines of Messrs. Boyd and Wolf, near the center 
of the township, the coal is much like the true Coshocton coal, though 

a little diminished in thickness. 


Jackson Township.—The whole of this township was originally 
underlain with the Middle Kittanning seam, and it has managed to save 
80 to 90 per cent. of the seam from the accidents of erosion. In the 
north-western corner of the township, the seam appears in the hill tops. 
In the south-eastern corner, in the direction of the dip, it has fallen to 
. an accessible level above rail or canal. The coal workings thus far are 
confined mainly to 2 districts. The north-western corner of the township, 
being so near the Bedford mines, obtains its coal mainly from this 
source. The eastern edge gets its coal partly from Coshocton, and partly 
from mines to the southward. In the center and south-western parts 
of the township a number of banks are kept running. Prominent among 
these is that of Wm. Parks, Esq., in the extreme south-western corner 
of the township. The Parks coal is 44 inches thick and of good quality. 
The following section was obtained at his mine: 
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9. Middle Kittanning coal (44° thick) ...........ccsccsscsccee cesses coresceccassesees 140’ 
8. Calcareous sandrock, peculiar to that locality...... .......sseswssecsereeees „114 
7. Lower Kittanning coal (48), poor grade .......usssseunsnassoonnnonnennonsneree 110 
6. Putnam Hill limestone ..........esasssssnnuennssonunansounansonnuonsnnnnnnnnansunnnne 61 
5. Brookville coal (No. 4) ...ccccee casos ccsssccs ccsesescecccccssscecsccsee sesecceecosces 60 
4. Upper Mercer limestone, flinty ........cccccscccssscsecsscsvcesssecessesesesceecs „ 21/8 
3. “ coal (No. 3a), streak....... soe sevecsesenesnesaes sesacecosncecseaeeaee 
2. Lower Mercer limestone, heavy ..........ceccccosscccevecccsccccscerccees secessecs 107 
1. “ COB] (NO. B).........cccccccccccccccccecccssreccencccscscencconec cones 0 
140 


This section is one of the best that was measured in the county. 
In it appear all the regular elements at their normal levels, together 
with those which are not constant in their exposures, viz., the Upper 
Mercer horizon and that of the Lower Kittanning. | 

No. 6 coal here is an excellent house coal, but is quite tender, which 
would be unfavorable to its shipping qualities. Near the Parks bank, 
in Sec. 25, is found the mine of J. M. Passmore. It is No. 6 coal, 46” 
thick, with a strong red-ash, a little sulphury, but on the whole very 
justly popular in the neighborhood. This bank affords work for 1 or 2 
diggers all the time, and as many as 5 or 6 find work in winter. In 
this same locality are the banks of John Dicky, Sec. 25; J. Darr, Sec. 
24; Owen Marshall, Sec. 16 ; Robert Crouch, Sec. 16 ; Ira Bell, Seo. 16; 
McCoy’s Bank, Sec. 17, and Sam’! Kirker, Sec. 17. In these openings 
the coal ranges from 46” at one of the southern exposures to 36” on the 
northern edge of the group. The coal is rich and coking, of a bright, 
waxy luster, with a strong cubical cleavage. It is tender and soft, being 
mined wholly by pick. Though very highly prized for domestic purposes. 
where it is known, its softness will place it at some disadvantage in the 
general markets. The shaly parting comes about 4 of its height from 
the floor. The “cutting” is done either on the parting or below it. 
The eastern side of the township has also quite a list of coal openings 
from which to draw. Two miles from Roscoe, on the Coshocton and 
Bedford road, is the bank of Geo. Randle, which is worked in the win- 
ter time quite extensively as a neighborhood bank. The coal is drawn 
from the valley below to the top of the ridge on which the road is built 
by means of a horse-power drum and incline. Southward from Randle’s 
and in the second tier of hills parallel to the Tuscarawas river, are located 
the banks of Jos. Stubbs, Margaret Crown and others, of small value. 
On the hills fronting the river, the coal is opened at short intervals for 
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4 or 5 miles down from Roscoe. One-half mile south of Roscoe are 
the banks of Wm G. Moffat. At this place the Lower Kittanning coal 
is seen. 

Mr. Moffat has two banks, both of which are reached by inclines, 
the coal being run down into a tipple for wagons or over the canal. 
The coal is of good quality ; it presents this section : 





8. Slate roof ........ccccccscccecece secccccccccccccccesccncs eencccccccesecnccess 

7. False roof..........scccccecccccscccecccscaccccsccec covcscesescssccccscocces „ 107 

6. Top COal......ccccssssarscecesccecsncvcccsen senses soncccsenssonce cocscesesces 84’ 

5. Pyrite ..ecsssenonenonsnnnennnannuennnnnnnnsonnnunnsnnnansnnn sannennunenssnnene 17 } 487’ coal. 
4. Bottom Coal...........00:sscccccccnsssenscvcncneescoscss cesses ecessseeeoees 127 

2,  CIBY .......csesccorscsasccccsecscnsesessesccensesccccecscscsccessccesesce sacne 2/ 

1. Hard boulders ...........c0:.c0 cscsacccscncccscececesccccccesesecsocesccs 0 


The thickness ranges from 3’ 10” to 4’ 2”; the new bank has 
_ been opened with great care; is well timbered and drained ; considerable 
land is accessible through this opening, and it will probably be active 
for some years to oome: Another important opening in this township 
is that known as Prosser’s Bank. It is situated in the south-east 
corner of the township, in lot No. 1. It is now owned by Jones, 
Uffner and Jackson, of Coshocton. The mine is distant two miles from 
the canal, but it is connected with it by an iron track tramway. It has 
done in past years a large business on.the canal, but it has fallen into 
decay, and will require considerable outlay to put it into good working 
order again. It is estimated that 10 or 15 acres of coal have been 
mined out here. The coal is said to average 4 feet in thickness, but 
access to the rooms was not practicable when the mine was visited. In 
the entry, near the bank’s mouth, the coal is 4 feet strong, and it is also 
4 feet 2 inches thick in an entry on the north-west side of the hill, on 
the Lillibridge farm. 

The largest workings of Jackson township remain to be named. 
The Coalport Coal Company has mined out 140 acres in a rectangular 
block, 80 rods wide, on the east side of Section 21, and the Summit 
Coal Company has mined out 10 to 15 acres to the west of the Coalport 
workings, but connecting directly with them. 

In the Coalport mine, the coal was found an unbroken body, 
nowhere less than 3 feet 2 inches in thickness, and probably averaging 
3 feet 10 inches. The seam was somewhat reduced, however, to the 
northward, not showing more than 3 feet 6 inches at the end of the 
entry. In the Summit mine a thickness of 4 feet is claimed for some 
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rooms. The roof is better than the floor. A heavy bed of white, plastic 
clay underlies the coal, and has a tendency to heave, unless the water 
is taken good care of. The roof is shale and has ordinary strength, but 
it “cuts,” under the action of the air, when left for a number of years. 
In such cases a good deal of timbering is necessary, if danger is to be 
avoided. 

The coal produced by the Coalport mine was of the usual type of 
the Coshocton seam, and always took a good place in market. The 
mine was made to yield in its later years nearly 4,000 tons, “run of 
. mine,” to the acre. Good mining ought to gain more than this from a 
seam of this thickness. 

A large body of coal of this same character occupies Sections 11, 12, 
19, 20, 21, 22, and lots 1, 2, 3, 4, 5, 6 of this township. Much of this 
would find an easier outlet by the Coalport route than by any other. 

In conclusion, it may be said that there is in Jackson township a 
larger area of the Coshocton coal than in any other township of the 
county. The condition of the seam also is as favorable here as in any 
other part of the county. 


Virginia Township probably ranks next to Jackson in its area of 
this coal seam among the townships of the county. The largest and 
most valuable area is included between the little Wakatomika and the 
Tuscarawas valleys. There are more than 4,000 acres of coal land in 
this body. The mineable deposits beginning in southern Jackson extend 
through this township into Muskingum county below. The character 
of the vein is illustrated by this section, measured on the lands of John 
Vickers, near Adams’s Mills: 


FLGURE VA 
VICKERS COAL N96 
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This section holds good in all the exposures to the north and 
westward. There are many country banks in this township. Those 
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most prominent are John Vickers, Race Bland, John Cox, Geo. Cox, of 
Adams’s Mills; John Barclay, of Conesville; Abner McCoy, of Willow 
Brook; Wm. Huffman, Wm. McDonald, John Cornell, Sam’! Perkins, 
Thomas Darr, Asa Meek, and Geo. Wright, of Moscow. 

The coal is thinner and of a poorer grade at Moscow than in the 
other districts; it presented the following section in the bank of Wn. 
McDonald: 


FIGURE AMM 
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Going eastward, the coal ee up to 4 feet at Abner McCoy’s 
‘bank, near Willow Brook, and about 3 miles west of the Tuscarawas 
‘Valley. About one mile to the south-east of this mine are the new 
mines of David Davis, and 2 miles to the north-east are the Old Coal- 
port mines. So the thickness of the coal at this point is of value in 
determining the extent of the development of the 4-ft. coal on which 
these large mines are established. 

There is but one railroad shipping bank in the township, viz., the 
Davis mines already named. The Davis mines, owned by Davis Davis, 
of Conesville, are at present the most active in the county. They lieat 
the head of a small water-course, about 2 miles north of the Pan Handle 
Railroad, at Conesville, being located in the north-west corner of Sec- 
tion 11. The tipple and shoots are arranged to deliver coal to the canal 
or railroad at will. 

The tramway to the mines is of T-rail, but it is soon to be replaced 
by a railroad track. There are two banks now run by Mr. Davis; the 
old mine or No. 1 employs now only about 15 men, and the new mine 
45, counting in miners and daymen as well, making about 60 employes. 
A large part of the coal taken out is sold to the Pan Handle Railroad. 
The road takes the run of the mine, slack and all, as the coal is s0 
strongly coking, that it agglomerates when put into a hot fire. When 
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the coal is sold to outside parties it is screened over 14-inch screens, as 
is customary in the valley. The coal stands screening but poorly, and 
the value of ite slack is such that screening might well be dispensed 
with. The result of a series of experiments at this mine shows that 
about 40 per cent. of the contents of the bank cars will run through 
the large screen before it ison the cars ready to ship. The mining 
price is about 55c. a ton on run of mine, which corresponds to about 
‘90e. a ton on screened coal. 

The structure of the coal is shown in the following section from 
Davis’s mine, No. 1: 


FIGURE IX 
— OF DAVID DAVIS COAL 
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The coal at mine No. 5 is exactly the same, but without the cannel 
streak at the bottom. The coal at both banks is of the variety called 
peacock. Like the Coshocton coal generally, it is best suited for 
household purposes, though also an excellent steam coal. 

Its composition, obtained from a careful sampling of the seam, is 
as follows: 

Coshocton Coal from the Davis Mine (Lord.) _ 


Mobture. heraus 4.61 
Volatile hvdro carbonB...... u.a een 44.73 
Fixed carbon... sa iieeinisseehienes 47.83 
Bahnen kai 2.83 

Totale 100.00 
Bulphur seesedececcceeh csdcnaesetpadeaaieseue an casseasenesenccpnotssanscosheasseounicadameuaues 2.28 


From its analysis we would infer just such qualities as the coal is 
noted for; itis low in ash, rather high in tarry matters, and cokes 
ajuite strongly. The ash is of a characteristic purple-red color, and 


864 GEOLOGY OF OHIO. 


burns down to a fine powder, with very small tendency to form 
clinker. 


Franklin Township, lying just east of Virginis, has in old times 
furnished some coal to the shipping trade. The most extensive work- 
ings were at Rock Run, on the northern edge of the township. Con- 
siderable territory has been worked out at this point, and the old mines 
were abandoned. Recently, another opening bas been made by Messrs. 
McNeal and Harris; about 20 men are employed, and the coal is 
shipped on the Pan Handle Railway. The broad valley of the 
Muskingum has cut out the coal from a corsiderable part of the town- 
ship. A few small country banks are open at Frew’s Mills. 


Tuscarawas Township, just north of Franklin and east of Jackson, 
and containing the village of Coshocton, has furnished more coal to the 
outside markets than all the rest of the county. In it were located 
the old Pen Twyn mines, Shoemaker’s bank, Beech Hollow mines and 
the Union mines. Beside these large workings, now deserted, the Home 
mines and the Morgan Run Coal Co.’s Works are still in operation. 

The Union bank, 2 miles south of Coshocton and on the first tier 
of hills fronting the river, has been last abandoned. The coal is very 
badly troubled in this bank ; its height runs from 3’ 7” to 5’ 9”, with 
4' 10”, on an average of 15 measurements. A series of rolls or 
“ horsebacks” starting, like curved spokes of a wheel from a com- 
mon center, were continually cut by the entries and rooms and made a 
great deal of expensive dead-work. As the working progressed, these 
horsebacks began to be understood, and were finally so worked as 
to cause a minimum of expense. Soon afterwards, the entry-men 
drove into what appeared to be a true “fault,” or slip, in the strata. 
The coal was cut off square and sharp, while the rock beyond was an 
intensely hard fine-grained sandrock, which properly belonged 40 ft. or 
so above that level. Down the sides of the great slip, the triturated 
fragments of coal had been carried for a number of yards. This fault 
was found to be general, and to extend ina long arc between their 

workings and the body of coal beyond it. The company spent much 
“money and trouble in trying to pierce it, but gave it up finally and 
abandoned the mine; beyond, lay 200 acres of valuable coal, but it 
cannot be reached, except by piercing the fault. 

The work was prosecuted day and night for a long time, but with- 
out success; the rock was very hard and could not be attacked to good 
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effect without compressed-air drills. The quality of the coal here is 
not so good as that of Virginia and Jackson, but is still very fair. 
The following analysis shows its composition : 


Coshocton Coal—Union Mine—( Lord). 


Water use ac dabsaszcecendavsnssudaras dacevereccepiadesuseraeeseceess 4.41 
Volatile hydro-carbons ..........ccccecccccscseccencccccescscessccceesessersccecceeracens 43.98 
Fix6d Carbon ae naie cudaeedarauncasgeanueauassrsunieaaens 46.38 
PGE URN E HE REESENT ERTL EA DRETSERRCEESTTITETENEETORSILTEENFRETEE FORT ETERERT 5.78 

Total sera „ 100.00 
Bulphurauss na alas "8.99 


The switch, shoots, and tipple were the finest of any coal works in 
the county. 

The Beech Hollow mines, Pen Twyn, and Shoemaker’s, are all 
old workings, and have all furnished large amounts of coal for the 
general market. 

The Home mines are the only active mines in the township at 
present. 

The coal at this place is thinner than in any of the southern develop- 
ments; the average of a number of measurements was 3° 2", with a 
maximum of 3’ 7” and a minimum of 3’ 0”. 

It presents the following typical section: 


FIGURE X 
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The;coal is found to have a local undulation, or to lie in alternate 
- elevations and depressions; from the center of one of these elevations 
to the valley corresponding, the distance ranges between 150 and 300 
yards; the vertical rise and fall in that distance is about 10 ft. The 
entries are driven at a definite grade to secure easy hauling and 
drainage; this makes a good deal of stripping down roof and shooting 
up floor necessary, and hence a good deal of unusual expense for dead 
work. 

The quality of the coal is very good; it is popular in a number of 
western markets. Its composition is shown in this analysis: 


Coshocton Coal—Home Mine—( Lord). 


Water cccccccerceccccccccce vonscssonccccccvcsccccecscecs concccnesccecesccsccsscececcce cee vc secece §.07 
Volatile bituminous matter..............ccccccccssseccscsccscesecvccccccecescccccseceoes 42.07 
Fixed carbon o...ccccccccccccnccccccccceccccenccccceces soecet scvacecescccces ceveccccs coscesecs 48.40 
Ash 2.0... ccccccoccecccecescccccesccccscsccccces seecceccecesece sccesccccccncer saves nen cccceecee - 44 

Total ......ccccccces cosces cccccccccsccscccccsasscccccccncccccsccccccecs toccesccccscccccooves 100.00 
Sulphur ......cccsscseccsceves ssescesccscs nonnunnansnnnnnnennnn snasceues sseces senescsenseeees - 29 


The diminution in thickness from the Union mines is attended 
with a slight improvement in the quality. These mines ship nearly all 
their coal to distant markets; none is now used by the railroad. The 
mine employs about 55 or 60 men, about 20 per cent. of whom are day- 
hands. The minıng is done without powder, pick and wedge giving 
the’best results. . The only other mining enterprise now in the county is 
the Morgan Run Coa! Co.’s Works. The company belongs in Cleve- 
land, and-it is intended to get the Coshocton coal into that market, 
direct by the Connotton Valley narrow-gauge railway. The mines are 
just ready for shipping, and the entries and openings are being pushed 
as rapidly as possible. The equipment of the mine is excellent, leaving 
nothing to be desired for efficient and economical work. The entry is 
made upon the dip, and to escape from trouble as to drainage, its mouth 
is located about 17 feet below the coal. The mine is about 160 feet 
above the level of the railroad track in the Tuscarawas Valley, 3 miles 
distant. It is reached by a narrow-gauge switch. It is expected that 
loaded cars will run down to the main line by gravity. 

+ The mines are worked on the double entry system ; the coal is 36” 
thick, and remarkably steady, so far as the entries have yet advanced. 
Its quality seems excellent, and it works very kindly. Thicker coal is 
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hoped for as the entries are extended. The coal is iridescent (peacock 
coal), quite tender, and apparently, in all respects, a typical example of 
the Coshocton coal. The company is prepared to send a steady and 
large supply into the city of Cleveland, where it will undoubtedly. estab- 
lish a place for itself as the Coshocton coal has already done in all of 
the markets that it reaches. 

Around the town of Coshocton are several banks which supply the 
town with coal. Prominent among these are the mines of 


J. Robson, employing. ........ccscssccrcecccens suossansunersnnsnnsnnsensenese nanenense 20 men. 
Wm. Hay, MU eeseeveseecens concen ssccessen runnnansnunn eeneesees sesnanscre 15. “ 
"Wm. 8. Hall “ seenessencaccneseecensscaaesoeencvas caters senses necsesenscesens 10 “ 


In Lafayette and Oxford townships, the areas of the Kittanning 
horizon are small on account of the extensive erosion of the Tuscarawas 
river and its chief tributaries. There are no important mines in these 
townships, and but few farmers’ banks, in comparison with other sec- 
tions of the county. 

In Linton township, the coal seam that we are following falls below 
drainage finally. It is, however, mined in a few localities. Near 
Jacobsport, quite a cluster of country banks is gathered, all of them in 
the Middle Kittanning seam, which does not exceed three feet in 
thickness. | 

In the townships north of the river, there is but a feeble mining 
interest, and but little work was therefore. done here by the Survey. 
In Crawford, but very little coal is mined. In White Eyes, an extensive 
area is occupied by the seam, but little is known as to its condition here, 
and much the same state of things is true in Adams township. 


CHAPTER XV. 


THE COAL SEAMS OF THE LOWER COAL MEASURES 
OF OHIO—ContTINvED. 


Mines OF MUSKINGUM AND OF LICKING COUNTIES, AND OF THE 
NORTHERN HALF oF PERRY COUNTY. 


! , By Epwarp Orton. 


On map No. 5, accompanying the present volume, and which 
covers Muskingum and parts of Licking and Perry counties, the 
boundary of the coal measures is copied from Newberry’s geological 
map, and, in addition to this, the areas of the Kittanning coals lying 
above their final descent below drainage are represented. As these 
coals are by far the most important sources of fuel supply to the district 
and in a large part of it the sole supply, no question will be raised ss 
to the propriety of selecting them for special delineation. The boundaries 
were not run with the accuracy that would be demanded in baying or 
selling the coal lands of a farm or section, but they will be found a safe 
guide for all general work, such as the laying out of railroad branches 
and the locations of mines requiring an expensive plant. From the 
map it can be seen where the large bodies of the coals of this horizon 
are due, and where they can be attacked at best advantage. 

In addition to the Kittanning horizon in Muskingum and Perry, 
the Ferriferous horizon of Licking county, which is practically identical 
with the former, is represented in the well-known Flint Ridge, alike 
interesting geologically and archseologically. 


CoaL MINES oF MUSKINGUM COUNTY. 


Muskingum county, as pointed out by Andrews, has the greatest 
vertical scale of any Coal Measure county in Ohio. Its lowest rocks are 
in the Logan division of the Waverly group (Sub-Carboniferous), while 
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in the south-eastern townships the strata extend to and include three 
or four coal seams above the horizon of the Pittsburgh coal. 

The geology of the county has been treated at some length in the 
report of Andrews, Vol. I, Chapter XII, and also in Stevenson’s report 
in Volume III, Chapter LXIII, and to these reports the reader is 
referred for the details of stratification and the facts of the general 
structure of the county. 

The Lower Coal Measures, in particular, are shown in their whole 
extent and in unusually short and compact sections. The sections are, 
however, somewhat aborted. From the valley of Jonathan’s Creek, 
near Uniontown, in which the Newtonville limestone of Chester lime- 
stone age is found in strong development, we can ascend in a single hill 
to the level of the Lower Freeport coal, at least, and possibly to the 
Upper Freeport horizon, but in the section only two of the coal seams 
that are due are found of economic value, and several are altogether 
wanting. There is no trace of the Sharon or Quakertown coals, Nos. 
1 and 2, and none of the Clarion coals. These sections are shown on 
page 99 of the present volume. 

There are but three seams of the Lower Coal Measures that attain 
any considerable importance in Muskingum county, viz. : 


Upper Freeport coal, known as No. 7. 
Middle Kittanning coal “ “6. ’ 
Lower “ “ “6. 


In addition to these seams, which are mined in the large way, smal] 
coal banks are opened in the coal seam oelow the Putnam Hill limestone, 
in the seams under the two Mercer limestones, and especially in the 
lower of the two. Stevenson describes banks also in the lower horizons 
of the Quakertown and Sharon coals, Nos. 1 and 2, but there is very 
little value in any or in all of this list. 

In Hopewell township, along the line of the National road, there 
are several small mines opened in the Lower Mercer coal (Coal No. 3), 
which have yielded fuel to the immediate neighborhood for a number of 
years. This coal has been generally referred to the Putnam Hill lime- 
stone horizon, but the reference originated in the error that prevailed 
for some years as to the place of this limestone, it having been confounded 
with the Lower Mercer limestone. The Hopewell coal is probably the 
Lower Mercer coal (Coal No. 3). It is mined by James Dick, Esq., 
and has been mined in years past on the Porter farms, and also upon 
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others in the neighborhood. In the adjoining township of Hopewell, 
in Licking county, is the celebrated Flint. Ridge. The flint belongs to 
the horizon of the Ferriferous limestone, but at the northern base of 
the ridge is the finest development of the Lower Mercer coal in this 
portion of the State. It is the well-known Flint Ridge cannel coal. 
The cannel has been found in full thickness at but a single locality. 
A brief account of this deposit will follow on a later page of the chap- 
ter. It is upon the south-eastern side of the Ridge that the mines of 
Muskingum county, already referred to, are situated. The coal here is 
ordinary bituminous coal, divided by a number of partings, and con- 
sequently a dirty seam, but it has good thickness, and may fairly be 
counted as supply that will at some time become available. There 
would seem reason to believe in considerable area of this coal in these 
two townships, and possibly in adjoining ones. There is not likely to 
be any large demand for it aside from the accessible portions of the 
caniiel coal, under the conditions that now prevail, as it cannot compete 
with the better seams around it so long as they are produced so cheaply. 

The other seams that are named in this subsidiary list are insig- 
nificant as sources of fuel. Their main interest is in their occurrence 
as geological elements. 

A small mine has lately been opened in the coal below the Putnam 
Hill limestone (the Brookville coal, Coal No. 4; Coal No. 35) within the 
city limits of Zanesville, but the thickness of the seam is small, and it 
cannot support any continuous or extensive operations. 

It is not necessary to dwell further upon these thin and inconstant 
coals, Their places can be determined by the general section given on 
pages 96, and by the particular sections given on page 99. 

Of the three seams already named.asthe really important sources 
of fuel, the Middle Kittanning, or Coal No. 6, is by far the steadiest. 
Both of the others, viz., the Lower Kittanning, No. 5, and the Upper 
Freeport, No. 7, are inconstant and irregular to a high degree, and yet 
each of them furnishes a good basis for mining in numerous localities in 
the county. Each of these will be briefly characterized. 

The Lower Kittanning coal is a bright, well-faced coal, carrying 
about 50 per cent. of fixed carbon, about 40 per cent. of volatile com- 
bustible matter, and about 4 to 5 per cent of ash. Though quite high 
in sulphur, averaging over 2 per cent., its ash is generally white. It 
mines small, and the seam yields considerable dirt in many localities. 
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It holds the fire well, and is counted a strong and serviceable coal, but 
it does not ignite as easily as the seam above it. 

The Middle Kittanning seam (No. 6) is also a bright, cubical coal, 
mining in small or medium size blocks. It kindles easily, burns with 
a long flame, and is in especially good repute asa steam coal, and is also 
highly valued asa grate coal. In Zanesville it is also used asa gas 
coal. It contains always less than 50 per cent. of fixed carbon, and 
always more than 40 per cent. of volatile matter. It is low in ash, 
averaging less than 4 per cent., the color of the ash being characteris- 
tically purple. Of sulphur, it contains more than 2 per cent. In other 
words, the seam still holds the characteristics that have marked it from 
Stark county southwards. Through Tuscarawas, Holmes and Coshocton, 
it is constant in maintaining the features given above. 

The Upper Freeport seam also holds the general characteristics 
that have been found to mark it, in its great centers of production 
already described, viz., Salineville, Sherrodsville and Cambridge. It 
contains an average of 53 per cent. of fixed carbon, and always less 
than 38 per cent. of volatile matter, with a single interesting exception 
to be hereafter noted. Its ash is moderate in amount, and is seldom 
or never red in color. It contains less sulphur than the Kittanning 
coals. It mines fairly large, but isa weak coal, breaking up easily 
under handling. It is well esteemed for all ordinary uses throughout 
those portions of the county where it is mined, but it is everywhere 
divided by shale partings that cause it to be a dirty coal, unless well- 
screened. 


Tue Kirrannine Coats, Nos. 5 anp 6. 


The two Kittanning coals are but 16 to 30 feet apart, and they 
therefore hold about the same areas where both are developed. 

The lower coal, as will have been already learned from previous 
chapters, is weak and uncertain throughout Holmes and Coshocton 
counties. Its horizon is often clearly enough shown, but few or no 
mines are reported in it to the west and south of Tuscarawas county. 
This same state of facts continues throughout the northern half of Mus- 
kingum county. It is not until we reach the neighborhood of Zanes- 
ville that we find it again becoming a basis for profitable mining. In 
the 6th ward of Zanesville, and in sub-sections 1, 2, 3, 4and 16, Wash- 
ington township, it has long been worked. It is known as the “ Four- 
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foot seam,” but it reaches a thickness of 4 feet 10 inches for its 
maximum, and carries 43 feet through considerable territory. The basin 
originally included about 800 acres above drainage, as nearly as it can be 
judged from the exterior boundaries. The coal thins down abruptly on the 
northern margin of the basin. It is not found thick enough for mining 
north of the Baltimore and Ohio Railway, and it does not crop out in 
the river bluffs. The valley of Mill Run affords the best access to the 
basin, and most of the mining in the seam has been carried on here. 
South of this valley the coal is cut out abruptly by a heavy sandstone. 

South of Zanesville, in the river bills, the Lower Kittanning coal 
nowhere appears, though its companion seam is everywhere present and 
worked. At the horizon where the lower coal is due, a buff limestone 
bearing an ore and also a bed of fire-clay is often found. This series 
is also well shown on Putnam Hill, opposite Zanesville; the limestone 
is here 27 feet below the Middle Kittanning, or No. 6 coal. The lime- 
stone is fossiliferous, and contains well-preserved forms, among which 
large bivalve shells are especially noticeable. Reference has already 
been made to it on page 97, and the suggestions there offered as to its 
place in the series are the best that present knowledge warrants. 

The coal of this basin, so far as it has been worked, is a two or 
three-benched coal. The main parting, and sometimes the only one, is 
a sulphurous band, two or three inches thick, and 18 or 20 inches from 
the top of the seam. Nodules of pyrites are often found near this 
parting also. Ata little less than a foot from the bottom, a “ bearing- 
in” slate is often found. The seam is mined by undercutting and blast- 
ing, one pound of powder being expected to bring down 20 tons of 
properly prepared coal. Rooms are worked 15 feet wide. There is 
often found a thin band of slaty coal at the top of the seam, which is 
taken down and sent out with the balance. The irregularities in the 
seam occur mainly in the bottom. 

The coal is sold in Zanesville exclusively, all of the mines depend- 
ing on carts and wagons for the distribution of their products. The- 
seam is applied to all ordinary uses. It is preferred by many for house- 
hold use to the coal of the upper seam, as it holds its fire longer. It is 
used quite largely by the Ohio Iron Company as a milling fuel, and it 
is also used as a steam coal to some extent. It is, asa rule, sold at a 
lower price than the upper coal. 

Its composition, as sampled from Harper’s bank for the survey by 
Mr. E. C. Downerd, and analyzed by Professor Lord, is as follows 
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Lower Kittanning Coal, No. 5, Zanesville. 


Moikture 8 onc aan een 4.98 
Volatile combustible matter .......oo«ressonuenosnonnuonsnnuunensunennununnnunsennne: „ 89.72 
Fixed farbön N ana 49.96 
Ash 2. sue Fate ies screws ted cad aceweredeaeeseuucd ates sceancaousiecoasaes sce tesetauewesaceeetes 5.89 

Tolle ass ttekcavencscotaaecteaneieaceteucusaeuie sunccssuceiasaueceees ~ 100.00 
BU GR ssscsus cesses, nina 8.45 


The structure of the seam at this same bank is indicated in the 
following figure : 


FIGURE LIXIUN 
STRUCTURE OF LOWER KITTANNING 
COAL(N25) HARPER'S. MINE ZANESVILLE 
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Neither the composition nor the structure given above would apply 
to every portion of the basin, but the figures probably do no injustice 
to the seam taken as a whole. 

A considerable area has already been worked out, but just how 
much it is impossible to say. Small mines worked irregularly and often 
with sole reference to immediate returns, have been driven under the 
hills at many points, and the outside coal is pretty largely cut away. 
‘To gain the remainder, it will soon be necessary to sink shafts into ‘the 
unbroken coal. As to the extension of the seam to the south-eastward, 
under drainage, no facts are at hand, but the abrupt boundaries upon 
the open sides of the basin rather lead us to expect similar boundaries 
in the portiuns of the basin that are under cover. 

There is but one other district of the county in which this seam is 
extensively mined. In Newton township, in the south-western corner 
of the county, a valuable field of the Lower Kittanning coal has long 
been worked. It is here known as the lower Del Carbo coal. It con- 
nects directly with the Perry county coals of Harrison and Clayton 

townships, and will be best described in connection with them. 
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The Middle Kittanning Coal. 


The Middle Kittanning seam, known as the Upper Zanesville coal, 
or No. 6, has already been shown to be the most remarkable seam of 
the Lower Measures of Ohio in steadiness and persistency. These 
characteristics it retains in full measure in Muskingum county. It 
enters the county from the northward, extending from the Coshocton 
line to which its development has already been traced in the preceding 
chapter, in a sheet, the continuity of which is scarcely broken, except 
by the accidents of the great system df erosion which is still in progress. 

It is due above the drainage levels in the following townships of 
the county, viz., Monroe, Adams, Madison, Cass, Muskingum, Falls, 
Washington, Wayne, Springfield, Newton, Clay, Brush Creek and 
Harrison, and also in Zanesville corporation. In all of them the seam 
ie mined, and in several of them to quite a large extent. It is mined 
for the general market in railroad or river mines, in Washington, New- 
ton, Clay, and Brush Creek townships, and, as was stated under the 
previous head, the very large local supply of Zanesville is mainly 
furnished by carts and wagons running from mines contained within 
the city limits. 

The seam falls short of 3 feet in parts of the field, and it nowhere 
yields fully 4 feet of coal, but it holds, with surprising steadiness, a 
measure ranging from 30 to 42 inches of coal. Its structure, too, is 
maintained with great regularity over large areas. The structure of the 
coal in the Harper mine of Mill Creek Valley, sixth ward of Zanesville, 
is shown in the following figure: | 


FIGURE WXXIV 
STRUCTURE OF MIDDLE KITTANNING 


COAL(N°6 HARPER’SMINE ZANESVILLE. 
False Rx ' | 





The same figure would answer without essential change for All the 
northern and central townships. The lower bench expands or contracts 
a little, but the upper is very uniform. To the southward, however, a 
change occurs. In Newton and Clay there is a considerable thickening 
of the lower bench, accompanied by a reduction of the upper bench. 
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The false roof is also increased, or there is added to ita distinct seam of 
what is called bone coal, a bed 6 to 12 inches in thickness and a true 
coal, but too high in ash to be marketable. Also in following the seam 
southward through the deep valley of the Muskingum until it finally 
sinks below drainage, we find upon the extreme boundary its measures 
reduced and its quality impaired. 

The mines in this seam, in Monroe, Adams, Madison, Cass, Mus- 
kingum, Falls and Springfield are mainly country banks, each one 
giving place to two or three miners at most for the fall and winter 
months. The workings are generally characterized by lack of skill, 
and thus want of true economy. It is outcrop coal that is chiefly mined, 
because it is more easily reached. There is, however, a large acreage 
of the seam that awaits development in the townships named. There is 
the least amount in Cass, Muskingum, Falls and Springfield, the coal 
here rising high in the hills to its western outerop. The range in thick- — 
ness throughout this entire region is between 3 and 3% feet. The 
seam no doubt exists to the eastward of the northern townships named. 
In Perry and Salem, particularly, it is due within moderate distance 
below the main valleys, and there is every reason to expect that it will 
be found of fair mining volume when properly tested. 

In Washington township, a considerable and at some times a large 
production has been maintained for many years. The coal has found 
market by the Cincinnati and Muskingum Valley, and the Baltimore 
and Ohio railroads, upon which the mines are situated. The front hills 
are already mainly exhausted, but a large acreage is still available and 
tributary to these lines of outlet. 

Coal Dale, on the Baltimore and Ohio Road, has been a chief 
center of production, and work is still going forward at this point and 
in the immediate vicinity. Horton, Matthews and Taylor are now 
mining on a larger.scale than any others in this neighborhood. Their 
coal in one mine is at present running below the normal measure of the 
seam. It is the bottom bench, as usual, that suffers. This is here 
reduced, for a small area, to 4 inches, and the whole seam thus shrinks 
to 2% feet, but in adjacent property the coal measures 3 feet 4 inches, 
the lower bench being 1 foot thick. The Zanesville glass-houses obtain 
their fuel from these mines. The composition of the coal, as sampled 
for the survey by Mr. E. C. Downerd, is as follows: 
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Coal Dale Coal (Lord). 


MOiSture ....00000 cecccccsccccceccccccsccccccccscecccscstcecscevccccscecccccvscccsccccscesees 452 
Volatile combustible matter ..............csssccsses Lecce ceccecces sensennun ceccccess - 4091 
Fixed carbon ......cccccsscossscsece Loanosnnonnsnnsnnns seccccccececscesccces sannanunn seeces „ 48.67 
Ash ....cs.ccrcccccccccccncesesccesccccecccessccccccccccesesees anna man ccccncececscouccesscscce 5.60 

Total ....+-.ececeseese. ss seuteaceseseacsscacaccesacucnese sosnsascesedessessacencanens „ 100.00 
Sulphur ......ssssscosccssee evens cccsccscsscocscene zannananı senuunnns unnnnensnsensnenanennene 3.57 


These figures put the coal in line with that of the seam throughout 
Eastern Ohio generally. 

Six miles north of Zanesville, on the Cincinnati and Muskingum 
Valley Railway, Mr. David Matthews is carrying on mining on quite a 
large scale for this region. He employs an average of 25 miners for 
the year. Following the coal eastward from its outcrop in the river 
hills, the workings are always upon the dip. The water is removed 
from them by siphons. Formerly the slack was coked at this point, 
and the coke was used in iron making in Zanesville. The coke must 
have been high in sulphur. Its production was not long maintained. 

The general conditions of the seam from Zanesville northward 
have now been pointed out. Within the limits of Zanesville the cosl 
is extensively mined, though in small banks that produce each but a 
few thousand tons in a year. A large acreage has already been worked 
out, but a considerable amount still remains. Zanesville has cheaper 
coal than any other city of its size in the State. 

South of Zanesville the conditions of the seam are gradually 
changed. Following first the Muskingum Valley, we find the coal at 
its proper horizon, and with its.normal characteristics in the river hills 
on both sides of the river, as far south as Taylorsville. Only country 
banks are found on the east side, but on the west side, which offers the 
advantage of working against the dip, and also of nearer approach to 
the river, there are a number of shipping mines. Several of them have 
inclines connecting with boat landings. Their product is in all cases 
shipped by the river, and mostly to McConnellsville and points south- 
ward. 

The Owens mine, in Section 7, Brush Creek township, is the largest 
of this group. The seam here measures 3 feet 8 inches to 3 feet 10 
inches, and occasionally rises to 4 feet, but from these measures several 
inches of partings must be subtracted. The quality of the coal ts 
excellent. At Ballou’s Salt Works, in Section 12, Brush Creek town- 
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ship, mining has been carried on quite extensively for many years. Salt 
boiling is now abandoned, but the mines are kept in operation for the 
river supply of coal. The seam is thinner than at the Owen’s mine, 
not averaging more than 3 feet. 

The direction of the river valley through Wayne, Brush Creek 
and Harrison townships is but little south of east, and consequently the 
fall of the strata in descending the valley is well marked. The coal 
seam that we are following has an elevation of about 200 feet above 
slack water at Putnam Hill. At Ballou’s Landing it is only about 90 
feet above the same level. It lies at the water’s edge opposite the lower 
end of the Taylorsville lock. The seam here has the following struc- 
ture: | 


False roof. 

Coal, slaty and inferior .............. ssccccsccccesceces snnnnnenononsnnsnunnsnnee 16-18 inches. 
Parting ........ccccccececccscoscseoeessces Lnassnnssenssnnensnnnsnnnsessnnenununnenunann 2 “ 
Coal, lower bench............... cscccscccscccsees sonsnsnen oonsannsnsnenonenuensere 14 “ 


The seam is verging to its southern limit apparently at this point. 

There is scarcely a farm between Zanesville and Taylorsville in 
which the coal has not been mined; there is not one in which the seam 
is not known to be present. 

The greater thickness of the coal at the Owens mine has already 
been mentioned, but the further statement is needed, that it is the 
lower bench that makes the principal increase. At Zanesville and north- 
ward, this bench varies from 4 to 10 inches in thickness, but at the 
Owens mine it is 15 inches thick. The change is an important one, for 
the seam is soon to undergo the most marked transformation that is 
experienced by any coal seam in our entire scale, and this is the 
beginning of it. This lower bench maintains its increase even where 
the whole volume of the seam is diminished, as at Taylorsville, as has 
heen already shown. 

In Brush Creek, Clay and the eastern half of Newton townships, | 
the seam is constant in its occurrence. Wherever it is due, there it is 
found. In Sections 27 and 34, Newton township, shipping mines are 
opened on the line of the railroad. The Del Carbo mines have yielded 
a large amount of coal from both the Kittanning seams, but only the 
upper seam is at present mined here. Numerous farmers’ banks are 
opened in the goal throughout this territory. At and about Roseville, 
in Clay township, mining is carried on upon a somewhat larger scale, 
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for the supply of the numerous potteries that are established here. The 
structure of the coal at Roseville is shown below : 


FiGVURE LIXV 
STRUCTURE OF MIDDLE KITTANNING 
COAL (N°6) AT ROSEVILLE. 
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The change already referred to in the expansion of the lower bench 
of the coaljseam is especially to be noted here. From the Owens mine, 
‘in the Muskingum Valley, to Roseville, the distance is about 6 miles. 
‘The lower bench has increased in this direction from 15 to 26 inches, 
while the upper bench has been reduced to the extent of 6 inches or 
more. 

The coal of this field it will be better to consider in connection 
with.the Perry county series, all the statements that are made in regard 
to the coals of Harrison, Clayton, Pike and Bearfield being applicable 
to the seams of clay and Newton township as well. 


THE Upper FREEPORT COAL. 


This important seam can be followed from Guernsey county into 
and across Muskingum county. No basin of it has yet been discovered 
in the last named county that is fully equal in value to the Cambridge 
coal field, but there are several districts in which it has already s 
recognized value and importance, and one other, but little developed as 
yet, will be pointed out, which gives excellent promise. 

The seam first makes its appearance in coming from the eastward, 
in Monroe township, where it exhibits the same fitful and inconstan 
haracter that it shows in the adjoining township of Guernsey county. 
It is said to be mined on a few farms near Oteego. The horizon 
can be traced with great distinctness throughout Adams, Madison 
and northern Washington, but the coal is, for the most part, thin 
and worthless. In the southern portion of Washington, in Perry, 
Wayne, Salt Creek, Harrison, Brush Creek, and Clay townships, it 
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appears as a workable seam, of considerable value. It is mined in 
many small banks, and in one or two of larger importance. 


The Sonora Coal. 


The most northerly of these centers of mining is at Sonora and in 
its immediate vicinity, on the western side of Perry township. The 
coal is chiefly mined in Sections 6 and 7, but a few openings are to 
be found in Section 8. The coal of Section 6 extends directly into 
Section 10, Washington, where it is also mined. On the farm of Mrs. 
Cullins, in Section 8, the coal is found 3 feet thick, and of fair quality. 
The seam is here 112 feet below the Cambridge limestone. 

At Sonora, the coal runs from 2 to 4 feet in thickness. It is very 
irregular, owing to the frequent intrusion of the overlying Mahoning 
sandstone. The limestone that accompanies the coal is strongly 
developed throughout this region, and is frequently dug and burned in 
the small way for farmers’ use. The most extensive coal banks in this 
neighborhood are on the lands of George Bowers, Muses D. Robertson 
and John H. Mangold. It does not seem probable that the seam will 
be found % fit basis for large mining operations in this neighbor- 
hood, but a local supply of considerable importance will long be main- 
tained. The same statements will apply to the coal that lies directly 
south-east of Sonora, where mining in the small way has long been 
carried on. 


The Alexander Coal. 


The best known basin of the Upper Freeport coal in the county is 
in the vicinity of Jackson, in the south-east corner of Washington 
township. The coal is mined here on quite a large scale, and is hauled 
into Zanesville as well as sold to the farmers of the adjacent country. 
The coal is known as the Alexander coal, having been worked on the 
largest scale and for the longest time by James H. Alexander. This 
field is spoken of as a distinct one, but in reality the Sonora coal and 
the Alexander coal belong to one and the same basin. This is clearly 
shown by the occurrence of small mines throughout the interval. The 
Sherlock and Shick mines are of this character. 

In following the National Road westward from Jackson, the coal 
has been worked at various points, and it continues as far west as the 
land is found high enough to hold it. The coal has been principally 
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mined out from the Clark farm, two miles east of Zanesville, but the 
adjacent land of Adam Rock holds a small acreage on which mining is 
still going forward. Throughout this whole district, the coal lies very 
shallow. A great deal of it is got by stripping, and where mining is 
undertaken the character of the work is everywhere limited by the 
weakness and treachery of the cover. | 
The coal ranges from 3 to 5% feet in thickness. The structure of 

the seam on the Alexander farm is shown below: 

| FIGURE LAXWa 

STRUCTURE OF UPPER FREEPORT COAL 

ON THE ALEXANDER FARM. 
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The numerous partings in the seam render it a dirty coal. To 
compete in the general market it would require thorough screening. The 
coal has a good name where it is used, but the limitations of area and 
of cover will prevent this immediate district from becoming any mor 
important as a mining center than it now is. 

Southward, throughout the northern half of Salt Creek township, 
the coal is frequently found of good volume, and is worked in many 
local banks. It is known as a four-foot seam. A considerable acreage, 
no doubt, exists here. 

The same thing can be said of Wayne township. Near Duncan's 
Falls, a number of small mines are opened in this coal. The genen! 
thickness of the seam is 4 feet, and in quality it holds to the usml 
standard. 

















COAL MINES OF MUSKINGUM COUNTY. 881 


THe BuivuE Rock CoAL. 


From Duncan’s Falls, southward throughout the Muskingunt 
Valley, the coal is easily followed as far as the south line of Section 20, 
Harrison township, a little below Gaysport, where it falls to the level of 
the river. Important mines have been worked near this point for many 
years, the coal being known as the Blue Rock coal, and finding its 
market along the river. The immediate cover of the seam is very 
heavy, reaching well up to the Pittsburgh coal. The hill above it con- 
sists in large proportion of the clays and shales of the Barren Measures, 
making a treacherous series to undermine. It was here that four 
miners were imprisoned, nearly 30 years ago, by a crush which closed 
up the entries leading to day. They were’ rescued alive after 14 days 
and 13 hours of imprisonment, during which time they had no food 
except a lunch or “check” that two miners had carried in on the 
morning of the day on which the crush occurred. 

The Blue Rock coal, as it now appears, is in marked contrast with 
the general product of the seam elsewhere. It isa typical pitch coal, 

clear and bright to a higher degree than any other Ohio coal. In fact, 
it is nearly as clear as anthracite. No mineral charcoal is found in the 
present product of the mine. Its composition, as shown by Professor 
Lord’s analysis of a single block, agrees with the description above. 
It is as follows: 


Blue Rock Coal 
Moisture .......cccccccecccsccsocvesccccscvcecccecccccsccced soccer cccveccecccecce ccnuascscccees 3.50 
Volatile combustible matter ............. cscccccecccccccsccsccccces cocscccccescescecs 46.44 
Fixed carbon ........000csescccccscccccccccnsescccscces cusses senses scccnsscceesesccescssccecs 45.87 
Ash oeccccccccscceccccccsccccnsccncsccocccccscccescccesscaseces soccesecsccceusuacesetscccseccons 4.19 
Total .......cccccccesccececcovcsccccsccovcccescccccsccecenccccesececscuce sovscensccscsseces 100.00 
Sulphur ..........cccssccccscscccasscese ononsnnsenunnnnnsensennn esseescseccccs sescescscseeces 3.84 


These figures show a remarkable coal, higher in volatile combustible 
matter than any other bituminous coal of our series, the cannels not being 
included. The proportion of sulphur is excessive, constituting the only 
drawback upon the otherwise high quality. ‚ 

The seam carries, where normal, a regular thickness of 4 feet, but, 
as elsewhere, it is liable to sudden interruptions, some of which are 


56 G. 
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strikingly shown in the main entry of the present Blue Rock mine. 
The coal is here entirely cut out for many yards. 

Much time and some money have been spent at various points along 
the valley, and especially on the opposite side of the river, in a vain 
search for the Blue Rock coal. The horizon of the coal is everywhere 
made clear, though not generally recognized, by its fire-clay and lime- 
stone, but of the coal itself not a trace may be left. This fact should 
be borne in mind in all investigations directed toward this seam. It 
was never universally distributed, like the Middle Kittanning, in its 
field. So far from being so, it is known to be unusually capricious and 
uncertain. In addition to the irregularity of original formation, the 
seam where once duly formed was afterward exposed to the accidents 
of quite a violent erosion. So coarse a sandstone as the Mahoning can- 
not be explained without calling into action strong currents for ite trans- 
portation. From these two causes, viz., failure of uniform and con- 
tinuous formation and waste of the basins that were formed by erosive 
currents, results the exceeding uncertainty of the Upper Freeport coal 
through a large portion of the territory in which it is due. 

The Upper Freeport clay is worked at its proper level at Ballou’s 
Landing, in Brush Creek township. It is here a non-plastie clay of 
good quality. It has been worked to some extent in the fire-brick 
factory at Putnam. The coal does not appear in immediate connection 
with the clay, but it has been found and mined on adjoining farms st 
its proper level. 


THe BRUSH CREEK BASIN. 


The least known and least developed, but by far the most promis- 
ing field of the Upper Freeport coal in Muskingum county, is included 
in Clay, Newton, and Brush Creek townships, and is rendered accessible 
by the valleys of Brush Creek and its tributaries. There is a possible 
important extension of it into Harrison township, as will be presentls 
shown. The coal occupies, so far as can be determined by natural 
exposures, parts of Sections 1, Clay; 25 and 36, Newton; 7, 6, 26,4 
and 27, of Brush Creek townships, but boundaries for a coal field of 
‘this particular seam, when laid down in advance of careful exploration, 
are of little worth. The probabilities all seem in favor of a large terri- 
tory for this Brush Creek basin. Throughvut the area named, it gives 
all the signs of steadiness that can be asked. It is found where it is 








COAL MINES OF MUSKINGUM COUNTY. 883 


due and seems unusually uniform and regular in its character. It does 
not vary much from a thickness of 4 feet in any of the numerous openings 
that have been made in the seam for local coal banks. At the Duvall 
banks, in Section 36, Newton, there are 4 ft. 4 inches of coal, overlain 
by 6 inches of cannel. Its quality aleo seems in all respects satisfactory. 
It is a bright, fairly clean coal, well jointed, cutting easily, and mining 
to good advantage. It is much freer from seams of shale and clay than 
this seam usually is. The regular black slate above the seam becomes 
locally a cannel coal, but of no great value. The coal is shown on the 
east side of the Brush Creek Valley in every farm for 2 or 2% miles, 
through Sections 7, 5 and 27. It dips down under the heavy ridge that 
separates Brush Creek from the Muskingum River in Brush Creek and 
Harrison townships. Crossing this ridge to the eastward and descend- 
ing toward the river valley by one of the branches of Blue Rock Run, 
the moment that we come to the level at which the coal could appear, 
we find the farmers mining it by stripping from the creek bottoms, the 
coal still holding a thickness of 4 feet.. From this point on to the 
famous Blue Rock mines of the Muskingum Valley, which have been 
already described, the coal appears almost continuously, being every- 
where counted a 4-foot seam. Where the change begins to occur, by 
which the present remarkable character of the Blue Rock coal is 
acquired, there are no present opportunities for learning, but the in- 
ference is a legitimate one that the Brush Creek coal extends under the 
divide until it unites with the Blue Rock field. In other words, these 
two fields belong to one and the same basin. Ifthe proper exploration 
shall confirm this view, it is clear that we have here one of the largest 
and most promising of the Upper Freeport coal fields of the State, 
comparable in value with Salineville, Dell Roy and Cambridge. While 
the seam does not show as great thickness here as in the other chief 
centers of production, it seems steadier than elsewhere, and if this fact 
is established, it will more than compensate for the smaller measure- 
ment. It must not, however, be forgotten, that the seam has every where 
else, and even in this field, to some extent, suffered from the erosion due 
to the transportation of its sandstone roof, and much more irregularity 
than has yet been developed ought not therefore to surprise us, if it 
shall be hereafter disclosed. 

The wide limits, provisionally assigned to the field, may also be 
proved incorrect by the application of suitable tests to that part of the 
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territory that is now inaccessible, but in any case, a very valuable and 
promising body of the Upper Freeport coal is already in sight in the 
Brush Creek Valley. 

These statements complete the accounts of the Lower Coals.of 
Muskingum county. While there is not a large mine in the county, the 
aggregate production is not insignificant, but the mining is of such a 
character as to escape public notice and record to a great degree. The 
possibility of larger mining interests has, however, here been pointed 
out. 


COAL MINES OF PERRY COUNTY, NORTHERN AND 
CENTRAL TOWNSHIPS. 


Under this head all of the coal mines of Perry county will be con- 
sidered except those of the southern tier of townships, viz., Monday 
Creek, Salt Lick, Coal and Monroe, to which may be added the south 
line of sections of Pleasant township. The ground on which this 
separation is made is obvious. The last-named townships belong to the 
Hocking Valley field, constituting an important portion of what is 
known as the “ Great Vein” territory, in which the Middle Kittanning 
seam (Coal No. 6) ranges from 5 to 134 teet in thickness. 

The general character of the district, now to be considered as a 
coal producing region, agrees very closely with that of Muskingum 
county, last described. The coal seams that possess economic value 
in Muskingum county are valuable also in Perry county, but to the 
three seams which furnish the main supply of the former county, viz., 
the two Kittanning coals, Nos. 5 and 6, and the Upper Freeport coal, 
No. 7, one other must be added, viz., the Lower Freeport coal (No. 6a). 
This is mined in Clayton, Pike and Pleasant townships of Perry county, 
to a small extent. . 

The geological range of Perry county is quite extensive. It 
includes the uppermost two hundred feet of the Waverly group, and it 
reaches to the level of the Pittsburgh coal, but that part of it, now 
under consideration, is chiefly confined to the Lower Coal Measures. 
This series has a full and geologically interesting development here, bat 
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its economic values are limited mainly to the elements previously named. 
The general order is shown in the sections given in chapter I, pages 
100-103. 

The Sub-Carboniferous limestone has its best development in Ohio, 
in Perry and Muskingum counties. In Hopewell township, near Glen- 
ford, it has been worked for the Shawnee furnaces on a number of farms. 
Thence, eastward, along the valley of Jonathan’s Creek, there are 
frequent exposures of it, until, near Uniontown and Newtonville, we 
find not less than 20 feet in the bed and walls of the creek. Itisa 
very fine-grained homogeneous stone, sparingly fossiliferous, generally 
drab or light-buff in color, and, when skillfully worked, a building 
stone of great beauty and excellence. It has been employed to good 
advantage in Zanesville, in the construction of the new Court House 
and also in the new Opera House front. 

The Sub-Carboniferous limestone is sometimes overlain by the 
Carboniferous Conglomerate and sometimes by the ordinary strata of the 
Lower Coal Measures. The Conglomerate is found in its best develop- 
ment in Hopewell township, where its maximum measurement is 60 
feet. It carries pebbles in large quantity, and in places a few feet of it 
arc pure enough to furnish a glass sand of approved quality. It is now 
quarried and crushed for this use by J. Downerd and Son, at Chalfant’s 
Station. | 

As usual, this stratum is exceedingly inconstant and irregular. 
Aside from the township named, it makes no appearance in the 
geological series of the county. ' ) 


The Lowest Coals. 


The Sharon coal horizon is often marked by a bed of black shale 
lying above the limestone, but no deposit of coal of any value has been 
found at this level, and in none of the records of the borings made for - 
salt or oil in the county has any deep coal ever been reported. A 
single exception may be needed for a tract of 25 to 30 acres on the 
farm of W. B. Taylor, Sect. 14, Hopewell township, in which a workable 
coal was found just above the Sub-Carboniferous limestone. So far as 
can be judged from all the facts of the outcrops of these lowest horizons, 
the Sharon coal is not likely to be found in Muskingum, Perry or 
Hocking counties, in valuable condition, and no really workable bed of 
the Quakertown coal (No. 2) is known in these limits. The latter is 
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probably represented by a small and uncertain seam, which is frequently 
met, 40 or 50 feet below the Lower Mercer!limestone. It is sometimes 
opened by stripping in ravines or on hill slopes, but it never justified 
mining in a methodical way. 

Several borings have recently been made in the vicinity of Junction 
City, in search of a lower coal. They were begun at a horizon about 
50 feet below the Lower Mercer, and passed in their descent ‘through 
several streaks of coal and fire-clay. The borings were made by Mr. 
Philip Patton, of Canal Fulton. He has kindly furnished to the Survey 
the records of these wells. One of them is given herewith: 


Record of Boring near Junction City. 


12 ft. Made earth. 
5 ft. Gray Shale. 
4-ft. Coal and slate (Quakertown ?). 
20 It. Fire-clay. 
10 ft. Light-gray Nhale. 
12 ft. Dark Shale. 
1 ft. Soft black slate and coal (Sharon ?). 
8 ft. Fire-clay. 
6 ft. Sand rock (Conglomerate 7). 
15 ft. Dark Shale, 
2 ft. Black slate, hard (Maxville horizon ?). 
2 ft. Fire-clay. 
30 ft. Light-gray Shale. 
5 ft. Dark Shale. 
18 ft. Flagging, soft and hard. 


The lowermost 50 feet undoubtedly belong to the Waverly forma- 
tion, the exposures of which are found in all the region to the westward. 

The Lower Mercer coal is shown in numberless sections. The 
limestone of this series may be said to be universal, and the ores are 
also very widely distributed. The coal is occasionally wanting, but, as 
a rule, there is at least a thin streak of it under the limestone. Nowhere 
in Perry county is the seam known to be thick enough to fairly justify 
mining, but small openings are occasionally made to it. Its quality, 
where seen, is generally poor. 

The same line of remark applies to the other limestone coals, viz., 
those beneath the Upper Mercer and the Putnam Hill limestones, which 
are known respectively as No. 3a, and No. 4. Both are present in 
numerous sections, and neither has much economic value in any instanoe. 
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They are occasionally mined in a very small way by stripping in 
favorable locations. 

The Clarion coal that has long been missed from the series in 
coming westward is found again in Perry county, in a considerable 
number of sections. It lies 15 or 20 feet above the Putnam Hill lime- 
stone, and is locally recognized as No. 4a. It is not known to reach 2 
feet in thickness at any point. One anda half miles N. W. of New 
Lexington it is found 22 inches thick. The quality of what coul there 
is, is good. 

THe Kirrannina Coats (Nos. 5 and 6). 


These two seams constitute almost the entire reliance of that part 
of Perry county now under consideration. . They are 20 to 30 feet 
apart. The upper seam is, as usual, steady and uniform both in quality 
and in distribution; the lower, though much less regular, finds in this 
field one of its best developments in the State, and attains great economic 
value. These cnals have both been mined within the corporate limits of. 
New Lexington, the county seat, and are accordingly known as the 
Upper and Lower New Lexington coals. These names have been 
applied quite widely to the coals in our geological literature, and are in 
reality among the commonest designations of the Kittanning coals in 
Ohio. 

These scams retain the same general characteristics by which they 
are marked in Muskingum county. 


The Middle Kittanning Coal (No. 6). 


The upper seam ranges in thickness from 3 to 4 feet of merchantable 
coal. Above this portion of the seam, 10 to 20 inches of impure coal, 
known as bone coal, are invariably found. This bone coal burns 
readily, but yields an excessive quality of ash, and is also sometimes — 
high in sulphur. An analysis of a single set of samples, made for the 
survey by Professor Lord, yields the results given below. The samples 
were taken from the mine of J. F. Sheerhan, at Ferrara, on the Ohio 
Central Railroad : 


Moisture ......eesceosoenaseosunonnnonenn cesceecsstcecseses seseaces Inoouuen eoceccecccccccees 4.52 
Volatile combustible matter .............ccccccceccscceccesccncesccces coves cuewscecses 36.48 
Fixed carbon .........ccccccccesececsccccccces seccncee ecececsccecccovect saree sesevsncasses 37.89 
Ash .eccceccscccccccccccvccs vecccccss ceccscccsccsces secceccsestsscesevessevescece sescessesconees 21.66 

Total ....cccc0-cccserccccecceserscecccccsccccesteceas toveneece:seecseesseseescccasseveveces 100.00 
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A coal of this character cannot, of course, be put into market 
under present conditions. In mining, the bone coal is generally taken 
down in entries, but not in rooms. In all cases where the bone coal is 
taken down, the entries afford room for a four and a half-foot mule, and 
often they give fully 5 feet of headway. The general structure of the 
seam is shown in the appended diagram : | 


FLEVRE LAXIR 
STRUCTURE OF MIDDLE KITTANNING COAL((%) 
AT 1 & F.SHEERHAN’S MINES CLAY BANK STA. 
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The coal of the seam mines in blocks of only moderate size, but it 
bears handling fairly well, and yields no excess of slack or nut coal. 

The character of the coal agrees exactly with the better phases of 
the Coshocton and Zanesville coals. It ignites easily, burns with a long 
and abundant flame, cements slightly in the fire, and yields a purple or 
chocolate-colored ash, of which the amount is relatively small. It isa 
favorite domestic coal wherever it is introduced, but its special adapta- 
tion is to the production of steam. It is highly approved and quite 
largely used as locomotive fuel. Its general constitution can be seen 
from the following analysis made for the survey by Professor Lord. 
The coal came from the largest mine of the district, viz., that of S. & 
J. Jones, McLuney Station. The sampling was done by Mr. E. C. 
Downerd : 


Composition of Middle Kittanning Coal (No. 6), at McLuney’s. 


Moölstnre 2... ea BEINEN IBAN 5.95 
Volatile combustible matter .........cccsesscssscccsssscsccsccsssecses teecee cavencsecce 41.87 
Fixed carbon nannten aRRri.Elesss 4821 
50.11 OO RA NEE VER REREEEDE ER TEERSTERTEUTOUEULEREEIENTELTETSTPUSDERREEPEORUENTENE 8.97 

Totalszssseei er eeesnnisiseriseseene - 100.00 
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This analysis shows a coal of excellent character but it is believed 
‘to fairly represent the coal of a large area. There are mines in the field 
the quality of whose output is decidedly inferior to the quality shown 
above, but there are very many that come fully up to this standard. 
The only point, if any, in which the foregoing analysis overstates the 
composition of the better grades of this seam within the district, is the 
percentage of sulphur. It will be safe to count on 2 per cent. of this 
-element. In all respects, as will be seen, the analysis represents the 
Middle Kittanning coal in its characteristic phases. 


The Lower Kittanning Coal (No. 5). 


This seam is not as constant in character as the seam last described. 
It is not only inconstant in its appearance in the sections where it is due, 
but, when it does appear, it is not always with the same constitution, 
physical or chemical. Still it can be described in general terms as a 
white ash, open-burning coal, with about the same percentage of fixed 
carbon, volatile matter and sulphur as the coal above it. It is a little 
higher in ash, as a general thing, and is counted more lasting in the fire. 
Its normal thickness is between 4 and 5 feet, and within this district it 
attains its full thickness at many points, becoming a proper and valuable 
basis for mining. It is commonly known as the “4-foot seam.” It 
frequently occurs as an undivided seam, and when found at its best, it 
is one of the brightest and cleanest coals of this portion of the State. 
Its irregularities are mainly in the floor, which isa hard black slate 
above a fire-clay. This floor rises and falls in ridges and troughs, which 
-complicate the drainage of the mines to some extent. 
These two seams will now be briefly traced from the eastern county 
line through the several townships that hold them, and their present 
-development as sources of fuel will be shown. 


Madison Township. 


The Kittanning coals occupy a small part of Sections 22, 27, 33 
-and 34 in the south-east corner of the township. The lower seam is 
-also reported to occupy a small area in the high grounds of Sections 15, 
10, 3and 4. The coal is of but small account in this last-named area, 
but the clay of the seam, as here identified, has been worked to a con- 
siderable extent, and has always been counted of superior quality. 

The Hazlett farm, now belonging to Davis Woodruff, is reported to 
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furnish the best clay of this whole district, the clay being hauled for 
long distances to the Muskingum county potteries. The seam of clay 
is 5 feet thick. On the D. Crossen farm, Section 27, the clay is said to 
assume its hard and non-plastic condition, but there are not any open- 
ings to it at present. 

On the Chilcote farm, now A. E. Henderson’s, Section 27, both the 
coals are worked, on a large scale, for country banks. The Middle Kit- 
tanning or upper seam has been mined for many years to supply fuel to 
a considerable scope of country to the westward. The quality of the 
coal is good, and the seam is of full thickness. Its structure and 
dimensions are shown in the appended figure: 


FLGURRK LXXXYI 
STRUCTURE OF MIDDLE KITTANNING COAL(NG 
AT CHILCOTES BANK SECTION27.MADISON TR 
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The lower seam has also been worked here to a considerable extent. 
It measures 4 feet 6 inches in thickness, and shows no partings. It is 
counted equal in value to the upper seam. Its structure is shown in 
the appended diagram: 


FIGURE LUXIXXVM 
STRUCTURE OF LOWER KITTANNING COALW?5) 
AT CHILCOTE 'S ‘BANK SECTION27MADISON TR 
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The same coal is worked on the farm of D. Crossen, Section 2), 
where it has a thickness of four feet, rising occasionally to 4 feet} 
inches, and also on the farm of Leonard Reddick, in Section 34. 
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No large mining operations are likely to be undertaken in this 
township, but the same sort of production that has existed here for a 
generation is likely to be continued for many years to come. 


Harrison township. 


The Middle Kittanning or upper seam has been and is mined more 
extensively in this township than in any other of the northern town- 
ships of the county. Not less than 12 sections of the township are 
either traversed by or are directly tributary to the Cincinnati and Mus- 
kingum Valley Railway, and in half of these, coal has been mined on a 
large scale. In addition to this, it can be said that coal is mined for 
local use in every section of the township. In fact, this coal seam con- 
stitutes a universal sheet throughout Harrison, most of Clayton, Pike, 
Beartield, and the northern half of Pleasant townships, being [present 
literally everywhere, save only as the accidents of erosion to which the 
present topography is due, have removed it. Not a “want” or break 
in natural continuity is known throughout this field. In thickness it 
ranges between 3 feet and 4 feet of marketable coal. 

The character of the coal has been already shown in the fanalysis 
given on page 888. These figures are thought to represent fairly a 
large part of this district. The samples analyzed came from the mines 
of S. and J. Jones, McLuney Station, the largest mines of the town- 
ship. The section of the coal is given below: 


FiGURE LXXM 
STRUCTURE OF MIDDLE KITTANNING 
AT JONES’ MINE MS.LUNEY. 
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The coal mines here in good shape and size. The main entries all 
admit 44-feet mules. The price of mining is generally 10 cents above 
that paid in the thick coal just south of this field. The cost of blasting 
powder is about the same as in the thick coal. There is little waste in 
the seam. The lower slate is easily separated, and there is nothing else 
to make trouble. About 50 miners are steadily employed here, the 
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output being chiefly used for the locomotives of the railroad. These 
mines are located in Section 32. In Sections 20, 21, 29, 31 and 36, 
shipping banks have also been worked for a number of years. The 
mines of M. & P. Tague, in Section 20, are the largest in the township, 
after the Jones mine. All of the conditions noted above are repeated 
here. A successful business has long been maintained by this firm. In 
the winter season, seventy-five miners find employment here. 


In Sections 31 and 36, a considerable acreage has been exhausted 
of the lands lying nearest to the railroad, but a large body’ of coal 
remains that is easily available. The mines located here are known as 
the Tunnel Hill mines. The structure of the seam agrees in all respecte 
with that given for the McLuney mines, except that the bone coal in the 
roof rises to 16 inches in thickness. 


It is unnecessary to go into more details concerning this seam in 
Harrison township. There is a large and valuable supply of excellent 
coal, which offers a fair reward to properly managed mining enterprises, 
wherever transportation is possible. It is sure to be drawn upon in the 
near future, for in the work of mining coal, steadiness and persistency, 
with only moderate thickness, furnish in reality a better business basis 
than large but inconstant volume in the seam worked. 


The Lower Kittanning coal, or No. 5, is everywhere due through- 
out the areas occupied by the upper seam, but there are only a few 
mines now open in it, and there is no reason for believing in any large 
development of it within the township limits. Its clay is present in 
valuable condition and quantity where the coal is wanting. In Section 
8, several mines in this seam have been worked for a number of years. 
The coal is, as usual, inconstant in thickness, ranging from 2% to 4} 
feet. The quality is reported to be fair, but the product of the mines 
is insignificant. In Sections 4 and 9, the Lower Kittanning coal has 
been opened in years past, but it did not justify continuous working. In 
Section 25, a mine is in operation in this seam on the farm of C. 
Sweeny, the coal running much more regular and steady in this 
direction. 


The clay industry of Harrison township is very important, but this 
has been treated in another chapter. There is also a considerable showing 
of ore throughout the township, but such trials as have been made do 
not warrant great expectations of value from this source. Most of 1 
comes from the limestone horizons, and especially from the Upper or 
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Putnam Hill limestone, which is well developed throughout the town- 
ship. The limestone can be readily obtained in large enough quantities 
to meet all local demands. 


Clayton Township. 


Hitherto, the coal of this township has been available only for 
local supply, but the extension of the line of the Columbus and Eastern 
Railway through the central portions of the township is opening a field 
of much promise. Unlike the township last described, both the Kit- 
tanning coals are in fine development here, the upper holding the same 
characters that have been previously assigned to it, and the lower seam 
rivaling itin value. From present appearances, one of the valuable 
basins of the Lower Kittanning coal in Central Ohio is likely to be 
found here. 

A section representing a considerable part of the township is to be 
found on the lands ot J. S. Nixon, near Rehoboth. It is as follows: 


Blossom of Brush Creek Coal (No. 7a). 








Not OxpPOsed......ccesscccccrccccscrscccecccccnscsscctseces soseveelenseeecessccesecerescoes 35 feet. 
ONE ...cecnsccssccececsccsccccasccces sccstesesascerssecencesees consesaeasasesecuscesecsceececes 1 foot 
Fire-clay .........ccccceccescnsescccscccesecncceseveccusececceseescceces soneee os sesesccecens 10 feet. 
Horizon of Upper Freeport Coal (Black band ore)..........ssscmssssesees - 
Sandstone .........cceccsrecvccccccessececscoccovecs sovesvees sees Senssrsnnntsnnnnnnunnensee „ 2% feet. 
White Clay.........scccccsccceccrcccscccccnscceeeceecessevcescevcesescsecescene senses suse . & % 
Shelly sandstone .........ccscseccccccccs soscscceccccsecesesccrecceccce senses cesccecesees 10 “ 
White clay ........ccscsersecrsscccecsccvseescecassececccessceseees aoe corecsaceancccesoncce 5 “ 
Soft sandstone (Upper Freeport) ............ssssssssscsesesccceessersonser cosas: „80 “ 
Blossom of Lower Freeport coal’ (No. 6a) .......:scccscscssecsssccscesscrrevess 
Fire-clay ............ccscosccsccsccecevscnces sescceees snssopensacscessussevcsccncccccesaccees 14 feet. 
Ore, horizon of Lower Freeport limestone ........sssseescscceesevesccecscescs ——— 
Brown shale .....ccc.ccscee coccccesacccccccecescersvense nener Las oecces secccececscescnens 80 feet. 
Middle Kittanning coal (No. 6)........sccscescccseeseccsnscsssscccasccsssessesesses 44 “ 
Brown shale with ore balls.........ccssassssoossonsennnonsunnnnensensnnnnnenunenene - 28 * 
Coral No. 5.......ccccsccsccessssrsene cesses sas sescescecsccsss sescescessonsncsvesssecessces ees 4 “ 
Fire-clay and shaly sandstone................csssscsscesccccescecsecces senses senses 18 “ 
Baird or Hanging Rock ore (Ferriferous limestone)...........sccocseress - 13“ 


The Kittanning coals are due in nearly all parts of the township. 
Both are worked in farmers’ banks in at least three-fourths of the 
sections. They are wanting altogether in but two Sections, viz., 6 and 
7, but in Sections 1, 2, 3, 5, 8, 17, they have but little area and value. 
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The line of outcrop passing south from Madison enters Clayton 
township in Section 5. On the farm of William Pettit, Sen., in this 
section, tiv lower coal has been worked. Its thickness is reported to be 
4 feet and 7 inches, but no opportunities for measurement are now 
afforded. The Clarion coal (No. 4a of the local scale) is also reported 
15 or 20 feet below the seam named above. It was found 15 inches 
thick, which is about the usual measurement. 

In Section 9, both coals have been worked in several small mines. 
They are found in their usual condition. 

The Lower Freeport coal has also been opened in this section br 
T. F. Skinner, who found it an undivided seam, 34 feet in thickness, 
and with a roof of gray shale. 

On Sections 11 and 12, the Lower Kittanning clay has been mined 
to some extent on the farms of David Amrine and R. L. Henderson for 
the two potteries established at Saltillo. Coal is also mined in both 
sections. . 

On Section 14, directly south of Section 11, the Lower Kittanning 
Coal (No. 5) is mined on the farm of Mrs. Ann B. Mulroy. A measure- 
ment taken here at the head of the entry showed 3 feet 5 inches of coal 
in a solid bed, without partings. . The upper seam is also present 
throughout all the territory referred to. 


The New Mines of the Columbus and Eastern Railway Co. 


It is on this section that the Columbus and Eastern Railway has 
established its present terminus, viz., the village of Redfield. Three 
mines, with excellent equipment, are now being opened at this point, 
two in the lower seam and one in the upper. 


The Lower Kittanning coal here exhibits its normal phases. It is 
a bright, handsome coal, burning freely and holding fire well. It has 
a somewhat uneven floor, carries an average thickness of a little les 
than 4 feet, is undivided, except that a thin streak of bone sometimes 
appears near the top. The roof is unusually strong and safe. Its 
- structure and surroundings are shown in the accompanying figure: 
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FIGURE EXXX WUE 


STRUCTURE OF LOWER KITTANNING COAL, (no. 5.) 
AT REDFIELD. 
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The composition of the seam at this point is somewhat below its 
best phases, so far as can be judged by a single analysis of hastily 
selected samples. 

Mining is begun at Straitsville prices, but Lechner machines are to 
be introduced at once, by which the seam can be more economically 
handled. Rooms are worked 18 feet wide, and pillars of 10 feet are 
left. The room roads are run along side of the rib to make the final 
drawing easier. The face and ends lie nearly to the cardinal points. 
The end joints are much closer and less regular than the face. The coal 
r&quires about 1 keg of powder to 50 tons. It mines in fair sized blocks, 
and has good strength. It is being introduced as a domestic coal. 
There is a large acreage in this field. It seems certain to prove one of 
the most important basins of Lower Kittanning coal in the State. 
| The Middle Kittanning coal is opened also by the company at the 
same point. The coal is in all respects regular and characteristic. Its 
structure is shown in the following diagram: (See page 896.) 


There is a large and well proved acreage of this seam tributary to 
the railroad. It can be counted upon to supply 42 to 46 inches of coal 
-of good quality, especially for steam production. 

In the northern portion of Section 26, on the land of Bernard 
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MARKE GRA 


STRUCTURE OF MIDDLE KITTANNING COAL (N26) 
AT REDFIELD 
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Noon, the Lower Kittanning coal has been mined for many years for 
local use. The seam has not been found here less than 4 feet in thick- 
ness, and the quality is good. Its structure is shown in the acoompany- 
ing figure : 

PLGURE “LXXALTY 


STRUCTURE OF LOWER KITTANNING COAL 
I ON FARM OF B.NOON ,SEC.26 beta TP 
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The same coal seam is now and has been, for many years, worked 
on Section 27. On the Pace farm there is a fine showing of the coal, 
4 feet and more in thickness, and very bright and clean. 

About Rehoboth, also, on Sections 33 and 34, the;two Kittanning 
coals and the Lower Freeport are all now worked. The Lower Kit- 
tanning coal shows in E. Teal’s banks, which are the largest of the 
neighborhood, a little less than 4 feet of coal. The Lower Freeport 
coal (No. 6a) is opened and worked to a small extent on the R. Bennett 
farm. It measures about 34 feet in thickness, but the{quality is inferior 
to that of the seams below it. : 
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At Isaac Denny’s bank, in this section, the upper coal (No. 6) has 
the structure shown below: 


FIGURE UXKYU 
STRUCTURE OF MIDDLE KITTANNING. COAL@?6) 
AT ISAAC DENNY'S BANK, SEC.33, CLAYTON TR 
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In Section 19, the Lower Kittanning coal, No. 5, is worked on 
Adam Acker’s farm, as is also the Middle Kittanning, No. 6. The latter 
measures 4 feet 7 inches, of which 15 to 18 inches belong to the bone 
coal of the roof. The lower seam is 35 feet below the upper. Its 
quality is shown in the following analysis of the seam, as sampled by 
Mr. E. C. Downerd for the Survey : 


Lower Kittanning Coal, Section 19, Clayton—Adam Acker’s Mine (Lord). 


Möisture. na er Bienen 6.04 
Volatile combustible matter ...........ccecccsccccsccccccvccs senennnnnusnmusunnonnanen 42.66 
Fixed Carbon... Sense suvceesceucwses 45.55 
PAB REEL NORE SETS ENEE TER eedesbodewcas Rous URS ERENTO 5.75 

Total unse ansleenerseetenndnnsnned 100.00 
Bulphür..aaseriern neun eng 1.92 


A considerable part of the coal supply of Reading township is 
obtained from these banks, the balance being derived from the four 
south-eastern sections of Reading, viz., Sections 25, 26, 35, 36, through 
which the Kittanning coals extend, occupying less than 1,000 aores. 

In Section 29, at Mathew Clayton’s bank, the upper coal has the 
structure shown in the figure that follows: The eoal has long been 
mined here: | 


57 G. 
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FiGU RE CXR 
STRUCTURE OF MIDDLE KITTANNING COAL Nt6) 
AT MATTHEW CLAYTON'S BANK, 8EC.29 CLAYTON TR 
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In Section 20, on Samuel Brown’s farm, the upper coal shows s 


slight deviation from the normal structure, 6 inches of cannel coming 
in immediately above the lower slate, which is here represented by 
1 inch of mineral charcoal, or a so-called “ soot vein.” 


A still greater anomaly is reported in the same seam, as shown on 


Taylor, Lyon’s farm, on the east line of Section 16. The structure of 
the coal (No. 6) at this point is represented in the appended diagram, 
the figures as to the lower portion being taken on the testimony of the 


proprietor: 


regular seam, which occupies the upper part of the section, has unusus: 


FIGURE LXIXAV 
STRUCTURE OF MIDDLEIKITTANNING COAL (N%6) 
ON TAYLOR LYONS FARM SEGI6CLAYTON TP. 
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From this figure the following facts will be seen, viz., that the 
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thickness, the lower bench measuring 2 feet 9 inches, and the upper, 1 

foot 5 inches, with the usual thickness of overlying bone coal. This 

part of the seam is open to measurement. The anomaly consists in 40 

inches of coal, which, as is claimed, is found below the regular seam, 

and separated from it by an interval of 20 inches, 11 inches consisting 

of hard shale. There seems no reason to doubt that there is at this 

particular locality some abnormal facts in the section, but, from an 

unaccountable lack of enterprise, no proper exhibition of the compound 
seam has been made, at least in late years. The expenditure of a few 
dollars would furnish a full-faced section of the whole structure, and 
set at rest all questions as to the facts. Until such a section is furnished, 
it will be safe to conclude that the lower coal makes no addition to the 
value of the field. Claims are made of the same doubled seam on 
adjacent farms, but if the owners have not faith enough in the claims 
to properly test them, they cannot complain of the skepticism of the 
public. The one established fact in which real and demonstrable value 
lies, is in the thickness of the main seam, which is greater here by 
several inches than elsewhere in the township. 

Enough has now been said to demonstrate the value and importance 
of the Kittanning codls in Clayton township. The coal of Reading 
township, in the 4 sections already named, exactly corresponds to the 
facta as now described in Clayton, but it lies high in the hills, and there- 
fore occupies but a smail area and need not be further treated here. 


Pike Township. 


The coal of Pike township is mined almost exclusively from the 
Kittanning seams, and mainly from the upper (No. 6). The only 
exception to be made is that the Lower Freeport coal has been worked 
in years past in one or two mines. The two coals of the Kittanning 
series get the names, by which they are as widely known as by any other 
in Central Ohio, from New Lexington, in this township, where both 
have long been worked. There are but few and smal] areas in the 
township from which they have been removed by erosion, and the 
upper seam is, so far as is known, always present where it is due. It is 
unnecessary to repeat the statements as to the character of the coals. 
All of the facts given in connection with the adjoining townships apply 
here without qualification. There is scarcely a section in the township 
in which the upper coal (No. 6) is not mined either for neighborhood 
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supply, or, in a few cases, for the general market. In the westernmost 
sections the coal is rising to its final outcrop, and often has light and 
inadequate cover. In the eastern and southern sections it is buried 
deep, but not so deep that it is not easily accessible from the main val- 
leys that are cut down to and slightly below its level. We may be sure 
that all of this steady and excellent seam will be called for, and will be 
taken by large mining operations, at no very distant period. A score 
or two of years, at most, at present rates of production, will clear out 
all of the more inviting fields of thick coal that are now known, and 
then the demand for such fields, as Pike township presents, will certainly 
arise. 

The thickness of the coal throughout the township averages 3 feet 
and 2 or 3 inches. The proportion of it that is known that falls below 
3 feet is very small. A large acreage is to be found that reaches just 
3 feet. A considerable part of the territory will yield 3 feet and 4 to 
6 inches of cléan coal. 

The Lower Kittanning coal (No. 5) has some excellent basins in 
the township, but the seam appears to be less extensive here than in 
Clayton township. Near New Lexington, and, indeed, within the corpora- 
tion limits a valuable body of this seam is known. It is as highly valued 
as the upper coal for ordinary use. It holds its usual thickness of 4 
feet and over, when at its best, and it is also characterized by the usual 
unsteadiness of the seam. 

It is to be noted that the Clarion coal (No. 4a) of the local section 
is almost everywhere present in this township where its horizon is seen. 
It belongs about 15 to 25 feet below the Lower Kittanning. It rarely 
exceeds 15 inches in thickness. 

On the western side of the township, in Sections 18, 19, 30 and 31, 
the Middle Kittanning seam has been long and largely worked for 
shipment on the Shawnee branch of the Baltimore and Ohio Railroad. 
The section of the coal at this point is shown in the following diagram: 


YiGURE LARK 
STRUCTURE OF MIDDLE KITTANNINGCOALN?G) 
AT BRISTOL 
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The coal, when taken out, leaves a three-foot hole in the ground, 
and when the bone coal is also removed in entries, there is 4 feet of 
space. 

The quality of the coal at several of the mines is somewhat coarser 
than is usual in the seam. It yields a large amount of ash, which is no 
longer of the purple color that marks the northern phase. Much of the 
coal produced is used for locomotive fuel. 

The mines located along the road between Bristol and McCuneville 
are the following, viz.: 


Maholm Coal Company, Present am 9 cars per week. 
Pimlott and Hall, * ie 
Bristol Mining Company, “ 
Levi Rarick, new mine, 
Edward Simpson, 

J.C. Hamilton, = 


The price of mining generally ranges 25 cents per ton above the 
price paid at Shawnee. A miner will average about 2 tons of clean coal 
per day. The screens in use are mainly 1 inch between the bars, but a 
good deal of coal is sold as “run of mine.” The entries are not in all 
cases made high enough for mules. 

The Upper Freeport horizon is well shown in this aeighborhaod: 
but as a source of iron ore rather than of coal. The blackband deposits 
of this immediate neighborhood have been referred to on page 408. 


Bearfield Township. 


The same line of remark applies to Bearfield township, so far as its 
north-western quarter is concerned, as to the township last described. 
The Middle Kittanning coal, No. 6, is opened on every farm where its 


FIGURE LARVAL 
STRUCTURE OF MIDDLE KITTANNING COALW*S) 
AT S.H.PENRODS MINE. SECTION 7, BEARFIELD 


Bowe Coal__--___-_______ — 15” 


zu. Ross: rel === __ Fe 


Porting Bo ce ae DEIN i= 
Coa an eee eee eee eee 
Fi VEE - clon - ee {N RQ“ 






a 


902 GEOLOGY OF OHIO. 


horizon is exposed in the valleys of the South Fork of Jonathan’s Creek 
and its chief tributaries. Its structure is shown in the appended figures, 
which represent the coal from 8. H. Penrod’s mine, on Section 7, and 
from Robert Moore’s bank, in Section 8. 


FIGURE, LXV 
STRUCTURE OF MIDDLE KITTANNING COALIN*6) 
AT R.MOORE’S MINE SECTION 7, BEARFIELD. 
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These figures are sufficient to show the wonderful persistency of 
this seam in all the details of its structure. Its chemical character is 
equally fixed and stable. 

The lower coal, No. 5, is at the disadvantage of lying a little too 
low in all the valleys to be worked to full advantage in farmers’ banks. 
It is almost everywhere below the level of high water, and in many 
cases below low water. If banks are opened in it, they can be reached 
only in the summer months, when least mining is to be done. This 
condition of things carries with it no disadvantage when mining is 
begun in any large and thorough way, but it is enough to discourage 
the only kind of work that now finds place here. Consequently this 
seam remains unproved in most of the township, but it is known to 
exist in workable volume on Sections 5 and 7, at least. Large and 
valuable basins of it can reasonably enough be looked for in this town- 
ship, inasmuch as such basins are known to exist in the adjoining terri- 
tory. 


Pleasant Township (Southern Tier of Seotions excepted). 


The Middle Kittanning coal is exposed in the valleys that traverse 
the north-western sections of this township. The lower seam is nowhere 
above drainage. The Lower Freeport coal (No. 6a) has one of its best 
developments for this entire region at and about Moxahala, where it has 
been extensively, though not very successfully, worked. 

The main development of the Middle Kittanning coal in this 
township is along the line of the Ohio Central Railway, from Clay Bank 
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Station southward to Moxahala. There are several shipping mines 
within this territory. The largest are those of the Sheerhan Brothers 
and of J. C. Elder. | 

The composition of the Sheerhan coal is given in the following 
analysis made for the Survey (Lord) : 


Mo isture........cccccsccceccccscccce scccccccccscesccccccsccecceuceaccsess succes soccccvesessess 6.21 
Volatile combustible matter ... ........cccscescscccseccccccsccccccnccsccccsccscensscees 40.59 
Fixed Carbon..........cccccccsccscccscecccccsssses gersssnssssnnsnnsnnnonssnonsonunnnsnennnnen 46.85 
Ash ... c.cccccecvcvcescccccccccccccccccccerces scccscece cocsccccsecscescccccccccescccsecnscececoes 7.85 

Total... ...ccccccccesscercccccccecccs veces scccccccccccccsccsccccocccccscecsoscesscssuceess 100.00 
Sulphur. ..........csssccsccccccccvcccscvececccccccesscccscescess nennen coscescescecccsesesscece 8.95 


The composition of the bone coal from this mine has been given 
on an earlier page. The quality of the seam at this point is not 
equal to that of the seam at large according to these figures, but it is 
probable that a local modification only is indicated by them. The lower 
bench of the coal is a rich-burning tarry coal, and the whole product is 
readily sold by the side of the coal of the Sunday Creek Valley. 

The seam has been opened on every farm between the south line of 
Section 15 and Moxahala. At the latter place it has fallen a little 
below the level of the valley, but has been opened here and even ina 
small way at various times within the last few years. It holds the 
characters already described until it passes under the Moxahala divide, 
being, up to this limit, a red ash, moderately cementing, rather sulphur- 
ous coal, with a thickness of 3 feet of marketable product, and covered by 
18 to 24 inches of a slaty coal, called bone coal, too high in ash to be sold as 
good fuel. When it emerges from cover, 3 miles to the southward, in the 
deep troughs of Sunday Creek, a very surprising change is found to have 
been wrought in it. It is now a white ash, open-burning coal, low in 
sulphur, and ranging from 8 to 13 feet in thickness. The lower and 
middle bench, however, remain easily recognizable, the former, indeed, 
but little changed in thickness, and less changed in character than the 
other portion of the seam. The development of the upper section is, 
in reality, the most important element. 

At Moxahala, the largest development and the most extensive work- 
ings of the Lower Freeport Coal (No. 6a) in the county, are to be 
found. This seam is here known as the Fowler coal. 

An instructive section can be found at Moxahala and in its im- 
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mediate vicinity. The elements are as follows, viz.: Clarion coal and 
the twolKittanning coals (found in drilling), the two Freeport horizons, 
the Brush Creek coal, the Cambridge, and the Ames limestone. The 
measurements are as follows: 


Ames limestone— 


Interval .......ccccsoescscesscscccccsces sansnunen nnsununnn unnsnunenne qeeses 80 feet. 
Cambridge limestone—In two benches, 8 feet apart — 
Interval.......esosssunussusnnennnsosunensunonsnnonsnsnssuenssnsnonsenssenee 43 “ 
Brush Creek coal No. 7a)—thin, but constant— 
Interval......c0..csscscsecsscevscccsscecscs seccccscs senses secccsccesossascos 50 “ 
Upper Freeport coal—Black band horizon— 

“ “ limestone and clay—sour apple ore ?— 
Interval, including Upper Freeport sandstone.... ......... 25-50 “ 
Lower Freeport coal—(No. 6a)—Fowler Coal— 

“ “ı Clay—Moxahala clay— 
Interval....ccccsccscssese escscccscscesecccnsecesccccsessecccscccsssccscooes 22-30 “ 


Middle Kittanning coal (Upper New Lexington), (No. 6) 
At level of low water—4} feet, including bone coal. 


Tnterval.........cecccccccccsssccccces ansansonnennssnonunnnsnnnnsnununnenese 80 “ 
Lower Kittanning coal (Lower New Lexington), (No. 5) 
Found in | Reported 4} feet thick. 
Grilling. | Interval............... seco: coscseccccesccnscescssescssceeceaecesscessaeees 21 “ 
Clarion coal (No. 4a), 18 inches thick. 


In the approaches to the railroad tunnel, south of the village, 
there is a characteristic exposure of the Upper Freeport horizon, the 
coal, however, being wanting. The clay and limestone are shown in 
full force. The coal comes in upon the south side of the tunnel, where 
it has been mined by the Ohio Central Coal Company, the mine being 
known as No. 2. 

The Fowler seam, at Moxahala, has been thoroughly tested in all 
ways as a basis for mining and as a source of fuel. The Moxahals 
Furnace made use of it for a number of months as the sole supply of 
the furnace, and also as a shipping mine for the general market. 

It is 5 feet thick, when in its best conditions, in the Moxahala 
mine. It is not, however, steady in thickness. It is very dry-bufning 
at this point. It has not an excessive amount of ash, but it is high in 
sulphur. As a furnace fuel, it was a failure, under all the conditions 
to which it was subjected. Too dry to coke in the oven, and too sul- 
phurous to use raw, it was charred in the open air, to expel the sulphur 
in part, but no sufficient relief from this deleterious element could be 
secured, and the record of the furnace while depending on the furnace 
mine was very unsatisfactory. 
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The coal mines well and bears transportation fairly well. It can- 
not, however, compete in market with the Middle Kittanning seam, 
from either north or south of the Moxahala divide, under present 
conditions. 


Jackson Township. 


The coal seams and mines of Jackson township remain to be 
briefly noticed in this general division of the county. 

The lower seams make the same impotent and valueless showing 
that has been already described in other townships. Nothing that 
deserves the name of mineable coal is found until we reach the Kittan- 
ning horizon. 

Reference has already been made to the section recently obtained 
at Junction City in the deep wells that have been drilled there. In 
the surrounding country also, the second seam of coal or the Quaker- 
town seam is frequently shown. It sometimes reaches two feet in 
thickness. It is locally known as the Mohler coal, having been mined 
to a small extent on the farm of Mrs. B. Mohler, Section 30, Falls 
township, Hocking county. A few tons are occasionally quarried out 
of its outcrops. It is nowhere mined. 

The Lower Mercer coal is generally less than a foot in thickness. 
_ The Upper Mercer is below 20 inches in thickness in all places where 
it is seen. It is known in some neighborhoods as the “ 16-inch seam.” 

The Tionesta coal (No. 35) is known in this township as the Can- 
nel seam. It lies about 45 to 50 feet above the Lower Mercer lime- 
stone, which is a stratum that every one knows, and which every one 
who attempts to trace the geological order is obliged to use. This 
coal is sometimes worked in the smallest possible way, by benching 
upon its outcrops. It has in no case been reported more than 2 feet 
in thickness. It is shown on Sections 14, 23 and 35. 

The coals that are mined in the township are the following, viz.: 
the Lower Kittanning, -No. 5, and the Middle Kittanning No. 6. 
The Lower Freeport coal, No. 6a, is present in a few sections, having 
a thickness of 18 inches. These seams are respectively known as the 
Lower, Middle, and Upper seams. 

The Lower Kittanning seam, which is here styled the “lower 
vein”, is mined on Sections 23 and 26, on the farms of John 
Studer (formerly the Hitchcock farm) and F. Dumolf, respectively. 


906 GEOLOGY OF OHIO. 


On the Studer farm, the coal has been quite largely mined for neigh- 
borhood use in years past. The seam yields 42 inches of good coal in 
an undivided bed, overlain by 8 inches of bone coal. Nodules of 
pyrites are distributed through it. The coal burns with a strong heat, 
but with less flame than the coal above it. It is hard and bright, and 
finds ready sale when mined. The Dumolt coal is not as thick as the 
Studer coal. It is not probable that these developments will ever 
warrant any considerable mining enterprises, as the seam shows itself 
unsteady in this immediate neighborhood, running down to 10 inches, 
or even less. 

The Middle Kittanning &oal, which happens to be known here as 
the “ middle vein”, is, as usual, regular and persistent. 

An approximate estimate of its acreage in the township was made, 
by taking the aggregate of what the landowners claim. Their figures 
give 2280 acres, an area which is probably not greatly in excess of the 
facts. It occupies Sections 13, 14, 23, 24, 25, 26, 27, 34, 35 and 36, 
in part or in whole. The seam shows its northern phases throughout 
most of the township, in all respects, being but 3 feet thick, being 
overlain with 1 to 2 feet of bone coal, being moderately cementing, 
burning with a purple ash and being high in sulphur. In parts of the 
township, however, change begins to show in these features. The coal 
becomes more open-burning and the color of the ash is less pronounced. 

The chief mines in this seam are in Sections 13, 24, 25, 26, 35 and 
36. A number of country banks are kept open here for the township 
supply. The coal is uniformly 3 feet thick, and everywhere carries the 
“bone” above it, but in Sections 13 and 24 it becomes somewhat slaty 
and inferior in quality, evidently marking the outer margin of the 
original swamp. 

The seam will yield in portions of this area a fair basis for shipping 
mines, as has already been demonstrated in the Bristol and McCune- 
ville mines, whenever lines of transportation are provided. 

The coals of the northern portion of Monday Creek township, viz., 
in Sections 1, 2, 3 and 4, agree in all respects with the coals already 
described from Jackson township. In quality and thickness and 
structure, the Middle Kittanning coal is identical with the phases of 
the seam last described. It is here known as the “three-foot seam”, 
while the Lower Kittanning is styled the “ two-fout seam’. 

The general section of this neighborhood is well represented ina 
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skeleton section taken on the farm of Horace Wilson, Section 3, Mon- 
day Creek township. Some of the intervals are in excess of the usual 
measurements. The section is as follows: 


Middle Kittanning coai, No. 6, “ Three-foot seam ”’— 
Interval—Shales—24 feet. 

Lower Kittanning coal, No. 5, “ Two-foot seam ”— 
Interval—il feet. 

Baird ore, Ferriferous limestone 8-10 inches— 
Interval—70 feet. 

(Containing Tionesta coal, No. 8b, not shown here.) 
Upper Mercer limestone, 15 inches. 
“Con, | Goal inchen 

Interval—45 feet. 

Lower Mercer limestone, in two benches, separated by 3 feet of aay, 
Interval—12 feet. 

Union Furnace block ore. 


It is in sections adjoining those last referred to that the Middle 
Kittanning coal makes its great increase in thickness and becomes a 
part of the Hocking Valley field proper. This change is always an 
abrupt one, and is-confined to the upper portion of the seam almost 
exclusively. It will be discussed in the next chapter. 

The coal of northern Salt Lick township holds the same relation 
to the “ Great Seam” as the coal last described. The boundary be- 
tween the low and the high coal passes through Sections 12, 11, 15, 16 
and 17, and all the coal mined in the seam north of this boundary 
belongs to the northern phase of the seam, except that its ash is lighter 
colored and that it is less cementing in character. Coal of this type 
is mined largely in Sections 5, 6 and 8. The structure of the seam in 
J. E. Payne’s mine at McCuneville is as follows: | 


MICSURE LXAAL 
STRUCTURE OF MIDDLE KITTANNING COALIME) 
AT PRUNENIEE, J-E.PAYNE’S MINE . 
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This represents the mines between this point and Bristol Station. 
The section of the coal at Bristol has been given on a preceding page. 

A small basin of the Lower Kittanning coal is indicated in the 
vicinity of McCuneville. The seam crops out in the roadway, 1 mile 
north of McCaneville, on the Lexington road. 

Space does not allow a fuller discussion of the coals of this field. 
Enough has been given to serve as a guide in mining enterprises that 
may be undertaken here. 


COAL MINES OF LICKING COUNTY. 


But few words are required to describe the coal mines of Licking 
county. The geological range of Hopewell and Franklin townships is 
sufficient to afford a mining field, but the coals themselves are mainly 
wanting. The series rises above the place of the Kittanning coals, 
throughout part of the territory occupied by Flint Ridge, but of the 
8 seams that are due in the interval between the Freeport horizon and the 
base of the Coal Measures, only two are ever opened, and neither of these 
is persistently mined. The two seams referred to are (1) a lower coal, 
which is probably the Sharon, and (2) the Lower Mercer coal. The 
first is a thin and uncertain seam that has nowhere been followed far 
under cover, and that does not seem likely to be worked on any larger 
scale. Not an active coal bank is now known in the seam in the county. 


The Flint Ridge Cannel. 


The second seam, viz., the Lower Mercer coal, has much more 
importance and reputation, and in it the only mines of the county that 
deserve the name are opened. The chief interest is in connection with 
the cannel phase of the seam underneath the western extremity of Flint 
Ridge. 

A promising body of cannel coal has long been known and long 
been worked, though irregularly, in the western part of Hopewell town- 
ship (mainly in lot 33), under the name of the Flint Ridge cannel. Tt has 
been noticed and described in all of the geological reports that have 
been made upon the region for the last 50 years, and many mining 
schemes have been founded upon it, but none of them have been largely 
successful. The lack of transportation has always blocked the way, let 
alone all other considerations. 
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Flint Ridge has always been counted one.of the most anomalous 
and at the same time one of the most interesting formations in Ohio. 
Its approximate areas, for it consists of more than one outlier, are laid 
down upon map No. 5, being here represented for the first time. 
Though the boundaries are laid down distinctly on the map, the letter- 
ing is quite obscure, but the Ridge can be recognized as constituting 
the only shaded areas in Hopewell township of Licking, and also in 
Hopewell township of Muskingum county. By an inspection of the 
map it will be seen that the Ridge is a remnant left from long con- 
tinued erosion. That large areas of the formation have been removed 
is attested by the enormous quantities of flint that cover the slopes, as 
well as by the situation of the remaining masses of the Ridge. The 
flint appears to belong to the Ferriferous limestone horizon. The 
thickness of the sheet it is hard to determine, as there are few distinct 
sections of it to be found, but most of it would probably keep within an 
outside limit of 10 feet. 

The cannel horizon lies about 100 feet below the flint. The section 
including it is about as follows: | 


Lower Mercer limestone.........cscssscesssssveces conse ccesee 5 ft. 
Coal, DitumiNOUs.............-ccee secese voscee severe sbeeeeevenees 4 to 6 inches. 
Clay, Sand y.......c.ccssccssccsecccssvecccceccseccscssceces ces nassen 2 ft 
Cannel and bone Coal ..........04 .onoonnennnnnnanenennnne veeees 6 to 8 inches. 
Clay .....rcsccscsvcscsccsscscccssccccccssccscecsscccacceecsecesccessees 1 ft. 
. Cannel] SAM .......cc-cccenseesccscecssces sescsecesees 3 to 4 ft. 
Black slate, floor Of mine ..........sscceces cocecesccerecccscscececssesscess 4 inches, 
Slate ...scpee-csccscccssccecccccccccscesacesccssccecaeces 2 ft. 
Coal, bituminous, reported ............0.e.scees ~ 1 ft. 
Fire-clay. 


The coal is opened near the western boundary of the basin. The 
land is high enough to hold the seam for several miles to the westward, 
but there are no indications of its presence. 

In fact, in the westernmost entries of the present mines, the coal 
seemed to come to an abrupt termination. The field extends to the east 
and south, but just how far there has not been exploration enough to 
determine. The probabilities are in favor of a considerable tract. 
Some of the parties best acquainted with the territory estimate the pro- 
ductive area to be not less than 1000 acres. A shaft sunk + mile east 
of the present mines found 3 feet of good cannel. Two miles to the 
eastward of the mines, Capt. John M. Loughman reports 2 feet 8 inches 
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of cannel. On the farm owned by Mrs. Snelling, one mile to the south- 
east of the mines, the cannel is 2 feet thick, but a mile further, on 
Leonard Cook’s land, it has run down to 8 inches. 


The coal is fairly steady in all of the present workings of the mine. 
It nowhere falls below 3 feet, and it rises above 4 feet only in the main 
swamps of the seam. It probably averages 3% feet. The roof ocea- 
sionally makes trouble, clay slips letting down everything to the lime- 
stone. Posts are set about 3 feet apart in the rooms. The floor is 
somewhat irregular, rolling so much as to interrupt drainage to some 
extent, and confusing the normal dip. There is nothing in this, how- 
ever, to obstruct any systematic or continuous workings, if such shall 
at any time be established here. 


Quite a large acreage has been worked out in the 50 years in which 
the coal has been mined, but no one is able to say just how much. The 
miners who know most about the workings put the estimate of the 
exhausted area as high as ten acres. Counting in the coal that has been 
passed by, and so lost, it is possible that as much as ten acres have been 
overrun. There is still abundant opportunity to drive entries in upon 
solid coal. _ 

The seam is mined by bearing in at the top and then by blasting 
where opportunity offers. One keg of powder brings about 50 tons 
of coal. A miner must work hard to get out 2 tons per day. The 
price of mining is about $1.00 per ton. A royalty is paid of 40 cents 
per ton. The coal is mainly sold for neighborhood use, a large territory 
around finding in this mine the only home supply. The coal is used in 
stoves as well as in grates, and with equal acceptance. 

More or less coal is sent out by rail every year to the neighboring 
towns, and a little has been carried to distant markets, as Washington, 
Baltimore and New York. It isor has been used in the gas-works of 
Newark, Delaware, Sandusky, Dayton and Columbus. The long haul 
(4 miles) to the railroad is exp_rsive, making the coal cost $2.75 to 
$3.00, on board the cars. The ccal sells at the bank’s mouth at $1.80. 

The cannel was formerly turned to account for coal oil distilla- 
tion, quite an expensive plant bcing established here before the develop- 
ment of Pennsylvania petroleum. 

As to the character of the cannel, it is to be regretted that no new 
statements can be made. It runs rather high in ash and the character 
of the product is often damaged by the miner’s sending out a 2-inch 





COAL MINES OF LICKING COUNTY. 911 


“bone” at the bottom of the seam that ought not to be sold as coal. 
Furthermore, at the top of the seam, there is a long-grained and slaty 
band that ought to be rejected, but which sometimes finds its way into 
the coal. Throughout the body of the seam, there is but little differ- 
ence in quality. The cannel is curly and excellent in appearance. It 
ignites easily and burns away completely into ash, the volume of which 
is, however, large, as has been already stated. 

Authentic statements are wanting as to the output of the mines. The 
annual production probably exceeds 2000 tons. The mines are in bad 
shape, the ownership and management having been often changed, and 
each owner and lessee desiring to secure as much coal as possible at 
the smallest outlay. Ventilation is accidental and therefore defective, 
and the drainage is also neglected. Whether a large enough market 
could be found to keep a railroad mine running, is a question for coal 
operators and railroad companies to settle, but if the area, when duly 
proved, is found to contain as much coal as present estimates cover, 
there is no question but that properly equipped and well-managed 
mines could be made to produce’a steady and respectable output for 
many years. A home market can, in any case, be always counted on 
for several thousand tons of coal, annually. The fact that the coal 
bears storing like quarry rock enables the miner to work regularly and 
continuously. This coal does not deteriorate by being got out in ad- 
vance of the demand. 

Very different estimates have been placed upon the value of this 
field at different times in its history. When sold under the Sheriff’s 
hammer, it is said that the price realized for it was only about one- 
twentieth of the amount offered for it and refused a few years before. 
It is now possible by judicious and not expensive investigation to 
determine its real value. 


CHAPTER XVI. 


THE COAL SEAMS OF THE LOWER COAL MEASURES 
OF OHIO—ConrTINvED. 


THe Hockine VALLEY CoaAL FIELD. 


By Epwarp Orton. 


@ 
© 


The Hocking Valley coal field will be considered in this chapter 
as comprising those portions of Perry, Hocking and Athens counties 
in which the Middle Kittanning coal (Coal No. 6, of Newberry) reaches 
or exceeds 5 feet in thickness. Almost all of this territory is included 
within the drainage limits of the Hocking river, and this fact deter- 
mines the name by which the field is known. For the sake of con- 
venience, a few small districts will be described in this chapter in which 
the coal of the Middle Kittanning seam falls below 5 feet. These 
districts embrace portions of York and Waterloo townships, Athens 
county, and portions of Starr and Washington townships, Hocking 
county. 

The field, as thus qualified, embraces the southern part of Monday 
Creek township, the south-eastern half of Salt Lick, the southernmost 
sections of Pleasant and Coal and Monroe townships, in Perry county; 
in Hocking county, Ward, Green and Starr townships, with a small and 
unimportant outlier in Washington township; in Athens county, 
Trimble, Dover, York and Waterloo townships. - 

Some general statements as to the character and structure of this 
field are given in Chapter I, pages 102—117. 

The Hocking Valley produced in 1883, 3,270,000 tons of coal, or 
about # of the total production of Ohio. This statement shows that it 
far transcends in present importance any other single coal field of the 
State, being fairly comparable with all the rest combined. 
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MAP OF THE COAL FIELD. 


A map accompanies this chapter, in which the Hocking Valley 
field is shown, together with some contiguous territory. The areas 
occupied by the Middle Kittanning seam in this district are laid down, 
and that portion of the seam which is 5 feet or more in thickness, and 
which by the definition here given constitutes thef Hocking Valley 
field, is separately distinguished. The outer margin of the Lower 
Mercer limestone and the boundary of the coal measures are also laid 
down upon the map. These last outlines agree closely with each other 
in some parts of the field. 

The most important feature of the map is the representation of 
-the areas of thick coal. A few statements will here be in place as to 
the methods employed and the principles recognized in assigning the 
boundaries of these areas. 

On the north-west and west, the outorop of the seam is easily 
followed, and here, therefore, comparatively little difficulty is found in 
laying down the boundary. The line was not, however, instrumentally 
determined for this part of the field, but was fixed by reference to farm 
and section lines and to roads and streams, the scale of the map, viz., 
2 miles = 1 inch, not demanding nor rewarding minute accuracy. 

From Shawnee eastward, the boundary between the thick and the 
thin coal of the seam lies mainly under heavy cover, and for its loca- 
tion we are dependent upon the information gained from mines and 
drill holes. There are often reasons why those who have expended 
money ‘in drilling do not choose to make public the knowledge that 
they have gained. There may, therefore, be facts in the possession of 
some parties, with which the boundary, as here laid down, will not 
exactly match. All, however, agree that the transition from thick 
coal to thin is abruptly made, and it is believed that future develop- 
ment will not greatly change the line as here given. Many of the 
facts used in determining this boundary were furnished by Col. James 
Taylor, of New Lexington, and Messrs. Black, of Buchtel, and Cor- 
coran, of Corning, but these gentlemen are not made responsible for 
the boundary as here laid down. 

The boundary between 5-feet coal and thinner coal in the south- 
west corner of York township and in the south-east corner of Starr 
township, is not as definite as could be desired. There is a more 

58 G. 
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gradual reduction of the seam here than on the northern boundary. 
Much of it is under cover, and in the outcropping portion but litle 
mining has been done, so that the opportunities for observation are fer 
and unsatisfactory. In several of the eastern and southern sections of 
Starr township, more than 5 feet of coal is claimed, and the claim is 
recognized upon the map, but in any case the area of thicker coal car 
not be large. The Carbondale mines have been driven a long ways in 
this direction, and all of their entries show less than 5 feet of coal, the 
average, indeed, not exceeding 4 feet. 

In Sections 23 and 29, Brown township, Vinton county, coal 
measuring more than five feet is found at one or two openings of this 
seam, but nowhere else in the township is it known to yield even 4 feet 
of coal. A small area is credited with 5 feet coal in these sections. 

The continuity of the coal is inferred and is indicated upon the 
map for all areas upon the several sides of which the seam is found, 
either in outcrops or in shafts and drill holes. When, for example, 
the seam goes under cover in the direction of its dip and is found again 
as soon as its proper level is reached in the valleys to the south and 
east of the first-named outcrop, the whole intervening territory is 
represented as possessing the seam, unless there are known facts to the 
contrary. 

The final disappearance of the seam to the south and east is indi- 
cated upon the map by broken lines, Lut so far as its presence has been 
fully demonstrated by trial pits or by working shafts, it is not s 
designated. 

Where the seam descends in good volume and condition beneath 
its final cover, some extension of it in the direction of its descent must 
be inferred, but recent developments, especially in Monroe township, 
lead to the opinion that its entire eastern boundary is likely to prove 
abrupt. 

It is to be distinctly understood, that no claim is made that all of 
the territory marked as possessing the thick coal has been adequately 
proved. In those portions of the field most fully tested by mining, or 
by drilling, many breaks in the continuity of the seam have been found. 
The coal is reduced or irregular in thickness, or is entirely wanting. 
Where such “ wants” or irregularities are known, the fact is noted 
upon the map by broken lines, but exploration has not advanced far 
enough as yet to make it safe to lay down the boundaries of these 
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“wants”. A cloud is thrown upon a section or farm if, upon trial, the 
coal is found deficient or faulty. This question as to the state of the 
coal is expressed upon the map by the broken lines, but there is no 
doubt that in many cases bodies of good coal will be found in this 
broken territory. The text will treat of these several interruptions as 
far as they have been made known. 

Attention must also be called to the fact that the townships most 
thoroughly tested are those most scarred, upon the map, by signs of 
deficient coal. That the coal lines of certain other townships are un- 
broken is due, without doubt, to our want of knowledge of the field. 
‘ Wants and reductions will undoubtedly be found as soon as develop- 
ment begins. ; 

No account of exhausted areas is taken in the representation of the 
coal. A considerable acreage has already been worked out in the most 
valuable part of the field, but the boundaries on the map are designed 
to indicate the original outcrop. 


Previous Geological Reports upon the Hooking Valley Field. 


The earliest methodical and detailed account of the geology of the 
Hocking Valley is to be found in the Report of Progress of the State 
Geological Survey for 1869. This important field was there made the 
subject of an excellent and widely distributed report by the late Pro- 
fessor E. B. Andrews, within whose geological district it was included. 
Its main coal seam was traced by him to New Lexington, on the east, 
where it was identified with the Upper New Lexington coal, and to 
Carbondale, on the south, where it was shown to be the coal mined in 
the large way for the Marietta and Cincinnati Railway Company. The 
establishment of these connections was a very important service to the 
geology of the Coal Measures of Ohio. 

Many facts pertaining to the stratigraphical order of the field were 
also published, and the elements of a general section were accumulated. 
The economic geology of the coal and ore also received special atten- 
tion. By Professor Wormley’s analyses, the excellent character of the 
main Hocking Valley seam was fully accredited from a chemical point 
of view, while the rapid development of mining that was going forward 
along the newly-built lines of the Columbus and Hocking Valley Rail- 
way, and the successful establishment of blast furnaces in the district, 
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gave a practical guarantee of the validity of the claims that were made 
for it. 

From this time forward, our knowledge of its geology was rapidly 
enlarged. Stimulated by a desire to secure as much as possible of the 
great mineral wealth of the Valley, companies and individuals vied 
with each other in acquiring, in all available ways, a knowledge of its 
real resources. Geological examinations made for these companies by 
Whittlesey, Andrews and Read, and published as private reports, 
extended our acquaintance with the field, while many local geologists 
and explorers worked up with care and skill the sections of their own 
immediate neighborhoods. At a somewhat later date, May, 1874, s 
report upon the field was prepared for eastern capitalists, by Dr. T. 
Sterry Hunt, of Montreal, Canada, which embodied the general facts 
of the geology as then understood, together with a number of valuable, 
original analyses of the minerals of the Valley. 


In 1878, Volume ITI, Geology of Ohio, was issued. It contained 
a somewhat extended report, by M. C. Read, Esq., on the Hocking 
Valley Coal Field, a supplemental report, by Professor E. B. Andrews, 
on Perry county and portions of Hocking and Athens counties, or in 
other words, upon the Hocking Valley field, and also a supplemental 
report on the Hanging Rock District, in which the geological connec- 
tions between the Hocking Valley and the Hanging Rock district were 
discussed at some length. 

In 1881, Dr. Hunt published a' second and much more complete 
review of the “Mineral Resources of the Hocking Valley.” In it, he 
incorporated a great number of facts that had been brought out and 
established in the various reports already named, and he added many 
observations, measurements and analyses of his own, making the report 
on the whole a more complete account of the Hocking Valley than any 
that had previously appeared, but it would require more or less qualifica- 
tion in order to match with the facts as at present found. 

The progress of our knowledge has shown errors of observation 
and interpretation in all of these statements, and there are still differ- 
ences of view as to many questions pertaining to the geology of the 
district, but while each year adds to our knowledge facts which could 
be gained only by the practical development of the field, it also gives 
increased assurance to our interpretations of the general order, and 
although there is still much to be learned, there is already, in our pos- 
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session, a great body of well authenticated facts and well-grounded 
conclusions in regard to the field. These facts and conclusions it is the 
purpose of the present chapter to embody. 

The practical development that is now going forward under the 
management of the large corporations that own so much of the field is 
of the greatest value. The Columbus and Hocking Coal and Iron 
Company, and the Ohio Central Coal Company in particular, are making 
very thorough and methodical examinations and measurements of their 
respective properties. 


Acreage of the Hocking Valley Field. 


Various estimates have been made of the areas that contain the 
thick coal of the Hocking Valley. Read estimates the field to be equal 
to 100,000 acres of 10 feet coal (Vol. III, p. 648). Hunt assigns an 
area of about 250 square miles or 160,000 to the field, without specifying 
the thickness of the coal contained. The map that accompanies this 
report is the first, so far as known, that has represented the areas actually 
occupied by the coal. Until such a map is in hand, only estimates and 
rough approximations of areas are possible, but with the map in hand, 
so many qualifications must be entered as to forbid the immediate 
attainment of any great degree of exactness. How far, for example, 
shall the coal be counted beyond its final disappearance below 
drainage? As has been said before, when the seam descends in full 
volume and in good condition below the valleys, some extension of it 
under cover must be recognized. The most important questions of this 
sort pertain to the Sunday Creek Valley, but the southern portion of 
the Hocking Valley presents problems of the same character. Again, 
it is difficult to measure with accuracy the many small outliers of the 
coal, but it is “the wants” of the seam that furnish the largest element 
of uncertainty. 

The explorations so far made serve to mark the Sunday Creek 
Valley as the approximate boundary of the great seam. On the east 
side of the valley, the coal has been found faulty as a general thing, 
where it is not almost or altogether wanting, but there are areas in 
which it is known to be in normal character here, and to these atten- 
tion will subsequently be called. 

Counting the Ohio Central Railway as the eastern boundary of the 
thick coal, and the north line of Athens township as the southern 
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boundary, and balancing the many faulty regions within the field against 
the known extensions of the seam beyond the limits taken, we find the 
areas of the coal, 5 feet and upwards in thickness, to make an aggregate 
of 94,156.8 acrea or 147.12 square miles.* Some reduction from these 
figures will be required in accounting for the coal already mined in 
the Valley, but the facts bearing upon this important question will be 
better appreciated after the survey of the several subdivisions of the 
field, and this topic will accordingly be taken up in a subsequent part of 
this chapter. 

In addition to the coal of the great seam, there are several other 
sources of coal supply within the district. The Lower Kittanning coal 
is occasionally mined on a small scale, as is also the Lower Freeport 
seam, while the Upper Freeport coal here becomes the basis of large 
mining operations. It is the only seam of the three that makes a really 
important contribution to the coal resources of this region, and ther 
are large areas in which it would, of itself, furnish a proper basis for 
extensive work. 


General Section of the Field. 


The geological range of the Hocking Valley field is shown in the 
appended section. It will be seen from this that it extends from the 
Mercer horizon to the Crinoidal or Ames limestone. In the high ridge 
of Trimble township, between Snow Fork and Sunday Creek, the 
strata rise at least 100 feet abuve the Crinoidal limestone, or nearly to 
the place of the Pittsburgh coal, but these upper strata include no 
valuable or easily recognized elements, and they occupy a comparatively 
small area, and need not therefore be-counted in the geological column. 
The Crinoidal limestone is reached in only a small territory, and very 
rarely in the same hills that cover the Middle Kittanning coal. 

The column is as follows: ; . 


Crinoidal limestone—A mes, of Andrews, ..........sssescccccscscsssonsnes 5 feet. 
Interval, mainly shales, red and drab, carrying nodules of 

hematite at one or more HOTizONB..........0..cecceccescesccccscnens 4 

Ewing limestone, nodular and uncertain ................ccsessescesens } 0-3 ° 
Often replaced by iron Ore ..........cccsecosseeees 

\ Interval, mainly shales ..... ......c.scccccscscccescecscccccsscescsscceces 49 * 

Cambridge limestone, frequently doubled ............ .ssscssscceses } 20 © 
Sometimes bears iron ore, “black limestone”) ......... 


ner ll mn 

*The method used in determining the acreage consisted in cutting out an accurate map of the Sek 
including outliers, in weighing the map, and in computing its area by comparison with the weight 
of a standard area. . 
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Interval, containing Shales and a coarse ...........esseceeereees 
Sometimes conglomeritic sandetone ........csesseceoeee ove . 50. 
Upper division of Mahoning sandstone ..........soscses “ 
Brush Creek coa! (No. 74) .......ccscssesce sovcocscses beececesesceceeconssesss 0-23 “ 
Interval ........ccc-csscecscsccsteerocececes senses cece cavcns ceases ceonescssoes 10-20 “ 
Brush Creek limestone, often replaced by ore....... + sessenceconce } 0-4 « 
DUQ-WAY OF6 ......c00 . seccnsee snnnnnnennene ... 
Mahoning sandstone, lower bench.............-.ccosscerscseesscesceenees 
Coarse and sometimes conglomeritic. seneccceccsees sessecans on] 15-25 “ 
Sometimes repliced by shales ..........ccccsccscccseesseeeess 
Upper Freeport coal and Blackband horizon ............sseses ssoseees 0-10 “ 
Coal No. 7— 
Upper Freeport clay and shale ............. bene ceecsescecceece sonceees one 2-10 “ 
Upper Freeport ine | Shale IE ag | 15-0  “ 
stone horizon. | Shawnee or buff limestone ...... B ft. 

Interval, Upper Freeport sandstone or shale........... PEPFFEPFER 10-20 “ 
Lower Freeport coal (Nos. 6a and 6b of Vol. III) ........c00.sscens w OB “ 
Lower F Freeport limestone, lower bulf...... ..cscccsccescsscesescenseces 

(Norris and Snow Fork limestones of Vol. iti} 0-2 “ 
Kiney OF .....uuaseusoan sonne secs sonsunnsnonnnnnnennnunennens 
Lower Freeport sandstone, often replaced in whole or in part} 30-40 
by yellow shales ..........ccccccccceccssascccccrsonses esses cesseeseeeres ase 
Middle Kittanning coal, No. 6..........csscccssscecsssscecascecscossencoaves 5-18 “ 

Shales containing Snow Fork Kidney ore ........0.ssccsscscceveese 2-10 * 

Interval, sandy shale, mainly ...........ccccccsssescces zensonnen sevens 10-20 “ 
Lower Kittanning coal........ © sans secceeees coceccees ceneeseon sensesesscsonss „1-3 “ 
Kittanning clay and shales.......... PEPFFRFER Oensesnnsunnsee NORPPFORRRPRRRER 10-20 “ 
Ferriferous limestone und Baird ore................ coc ecces ceccceans esses 1-4 * 
Clarion coal, blı.8ssom occasionally seen— 

Interval, sometimes sandstone, generally shale.................. 20-30 “ 
Putnam Hill limestone, generally represented by blue ore....... 0-1 “ 

Tuterval..........ssccecas .2s0es snnnnenonsnsnnsonssnonansensennenunssnnnnenenn 10-15 “ 
Tionesta coal? Coal No. IIIb uusnuonn seceeeeeseece susensannnansenonussennanen 0-2 “ 
Tionesta Clay ?.........:-.u0nennueranensnsnonannnnsnnnnunnonnsnnannunnsnnnnonsn rennen 0,5 * 

Imterval.......ccscscsccevccscecaccacccnsesssassscescons oe cncensecesccecenserenss 10“ 

Ore. 
Upper Mercer horizon. | Limestone. vensnnnannnnnun secsececacs sovess 1-10 * 
Clay. 
Interval, inclniling Dresdea sandstone......... ...... ou seccensonssecsenss 20-80 ‘“ 
OTE 20.0.0 sccstccsssecnccscerseees 0-1 ft 
| Limestone. en 2-10 ft. 
Lower Mercer horizon, Cay. —— 
Interval ......ccccccescsssees 10-12 ft. 
| Lower OF6...cccccsesescoserecs O- 14 ft. 


The facts are represented in the accompanying figure : 
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TIGURE . 


GENERAL SECTION OF THE HOCKING ._. COAL FIELD. 
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The elements that are counted valuable in the series are named in 
the preceding table. There are some horizons at which fire-clay and 
sandstone may perhaps be worked to advantage that are not named in 
this column, but the coals, limestones and ores that have been proved to 
be of economic value all find place. A few years ago, the view was 
held by some geologists and also by practical investigators in the field 
that valuable beds of iron ore occur in the Barren Measures of this 
region, and especially in that part of them included between the Upper 
Freeport coal and the Ames limestone, and quite a system of ores, 
aggregating many feet in thickness, was introduced into the upper por- 
tion of the Hocking Valley column, but inasmuch as the stimulus to 
ore production occasioned by the establishment of the new blast furnaces 
of the valley has failed to develop any permanent supply at a single 
one of these horizons, it is safe to conclude that these so-called ores 
have no economic value. Their instability as geological elements and 
their poverty in iron forbid them to be counted as elements of mineral 
wealth. There are nuggets of hematite scattered through the red 
clays that are rich in iron, but they have nowhere yet been found in the 
field or in the State in accumulations that would repay mining. 


Structure of the Seam. 


In structure, the Hocking Valley coal always has the three benches 
of the normal Middle Kittanning seam, with some addition of its own. 
In other words, the Great Vein consists of the normal, -three-bench 
seam of Middle Kittanning age, covered and reinforced by a Hocking 
Valley supplementary seam, the latter consisting of one or two or more 
benches. The supplementary seam is separated from the original seam 
by a thin shale parting, which is often disregarded in mining, but which 
is for the most part distinctly recognizable when looked for. The 
supplementary seam belongs to a later period of the Middle Kittanning 
age. In other words, there were conditions in the Hocking Valley 
portion of the Middle Kittanning coal-marsh under which the growth 
of the coal went on in the interior after it had been arrested on the 
margin. A slight warping of this portion of the marsh, by which a few 
scores of square miles were converted into a low island, would seem to 
supply the necessary conditions. 

There is no foundation whatever for the theory which accounts for 
the thickness of the “Great Vein” by the coalescence with the normal 
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Middle Kittanning seam of one or both of the Freeport coals (Nos. 6a 
and 7). There are numerous localities in which both of: the latter seams 
appear in the same vertical section with the great seam; also, the character 
of the Freeport coals is quite different from that of the top coal of the 
Hocking Valley seam. 


The lower bench of the normal seam ranges from 6 to 30 inches in 
thickness. In the western part uf the field it is thinnest ; it attains its 
greatest thickness in the Sunday Creek Valley. The lower slate or 
parting, which makes the upper boundary, is seldom more than 1 inch 
in thickness, and 4-inch is the common measure. 

The middle bench of the normal seam ranges from 4 to 28 inches 
in thickness. It is thinnest in the Sunday Creek Valley, and thickest 
in the Straitsville and Monday Creek regions. The second slate, which 
covers the second bench of coal, is very steady and regular. In fact, 
it is very nigh coextensive with the Middle Kittanning seam. In thick- 
ness it ranges between 2 and 4 inches. 


The third or upper bench of the normal seam, which ie from 12 to 
24 inches in thickness, is generally poor in quality, at least for part of 
its volume. It holds this character almost everywhere, through Mus- 
kingum and northern Perry, where the seam is single, being known as 
“bone coal,” and very seldom being taken down as fuel. Directly 
above the second slate there is always throughout. the Hocking Valley 
field a band of inferior coal. It is known as bone coal, hard bone, soft 
bone and soft coal, and the miner is almost everywhere instructed to 
reject it. Occasionally it becomes marketable, both in and out of the 
Hocking Valley. Very often, after rejecting 4 to 8 inches of soft coal 
at the bottom of this bench, a good piece of coal is found above. This 
bench is of the best character in the Straitsville and Monday Creek 
districts. 

The supplementary seam of the Hocking Valley is, in the general 
view, counted with the upper bench of the normal seam, the whole being 
known as top coal. It has a maximum thickness of 10 feet. All the 
thickness of the Hocking Valley seam in excess of 6 feet, and in many 
parts of the field all in excess of 4% feet, is to be credited to the sup- 
plementary seam. Its value is small in proportion to its volume. In 
the Sunday Creek Valley, where it reaches its maximum, it has been 
found impossible to market more than 34 feet of the 10 that belong to 
it. Its coal could scarcely sustain itself in market if separated from 
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the lower benches of the normal seam. It is always open-burning and . 
low in sulphur, but it inclines to excess of ash. It mines large, and has 
great strength to bear transportation and handling. 


There are numerous irregular partings in this top coal when it 
becomes thick, only one of which is widely extended and measurably 
regular. A four-inch black slate, known as the third slate, and charged 
with sigillaria impressions, is found 8 to 9 feet above the bottom of the 
Great Vein, everywhere throughout Monroe township, in the Sunday 
Creek Valley. As it now appears, it is the same horizon at which a 
constant layer of cannel or horn coal is found throughout the western 
portions of the Great Vein. The coal above the slate becomes a rider 
seam. It runs too high in ash in most of the field where it occurs to be 
fairly marketable. It reaches a maximum thickness of 4 feet, but most 
of it is left in the mines. 


Character and Composition of the Hocking Valley Coal. 


The character of the coal throughout the field is fairly uniform. 
Taken as whole, it isan open-burning coal of pronounced character, 
but the lower bench, burned by itself, is somewhat cementing. It is 
distinctly laminated and holds a moderate proportion of. mineral char- 
coal. It ignites easily, swells slightly in burning, and leaves a white 
or gray ash. It is well approved for steam generation, and also for — 
rolling mill fuel. To household use it is admirably adapted, rivaling 
in this line of service the block coals of the Mahoning and Tuscarawas 
Valleys. The most important single use to which it is put is iron- 
making. The successful experience of the blast furnaces that have 
been built in the valley within the last ten or 12 years, and that have 
made the Hocking Valley coal their chief and often their sole reliance 
for fuel, leaves no open questions in regard to its adaptations to this 
important service. Asa furnace coal, it is not surpassed in the State, 
and scarcely by any known bituminous ‘coal. It is also used to a 
small extent in gas-making. 

In chemical composition, the average of 10 mines, including several 
of the best of the field, the mines being located at Shawnee, and from 
there westward as far as Nelsonville, is as follows: 


924 GEOLOGY OF OHIO. 


‚Average of Ten Mines of the Hocking Valley (Lord). 


Moisture ......... Leeecesevcccceccccces cesses cuececcccseccesccsanscssaccscccccecescccccsesecces 5.9 
Volatile combustible matter ..........cccccccscsesceccrecscccccvere sennanune cosccseccee 86.48 
Fixed carbon .......cccccecccccncccsscccccsscccccccccccccvccccccccsccscccsce ceccceces secnce - BA 
Ash 2.2.00. cccccccccveccccenccccccscccesccccccccscccseseneccccnccccccccceccccsccescecececccccccas 6.13 

Total ......ccccccsccoscsscccccsecccscsccvccesscessncessoscss coccess cesses cesecesecoceees - 100.0 
Sulphur .........cccccsccoee- cosvecccssensoscsccssees seunuunen sonsnenen sesesesessvonsscs ceases 1.09 


The best showing from any one of these mines and also the poorest 
results from any one mine are given below, Nos. l and 2: 





Moistur® ...... zesennuen 0 ‘covcccccsccsencceccescecsscceeccsesesacccccccescese konnen sonne 
Volatile combustible matter nuceccceepevccescscecesccececcsccccessccates coscesees 
Fixed CAPDON.......c.cecccceces covccccsccccceserscscee scones senccssevcceversacces:scese 


Tho cccccese SOTSSHSHHSTSSSETHSAHSFHSSHSHAHSHHESSSSHOSSSTSSHHS SASSHSFTHHSSHSLESSHEKHSSOFLOSCHEHEFOHSE SHESGE 


IKIEEZ ZELLE STHOHSHSSHHACSHSFCAHSESH USE TZE ERLEIDEN ESSEN TEE EEE HITS HSS SEEKS AEEOCRE ECE 


While there is something to choose between the products of these 
two mines, the figures show scarcely wider differences than we ought to 
expedt from different rooms of the same mine. 

The range of the several elements in these 10 mines is also shown 
below: 


Moisture ..........cccscscsccccsccccsescccser cesses ee sassece cesses sosses ern 5.26 to 7.004 
Volatile combustible matter .........csccsssee scence sesenesccseseccers 35.61 to 87.584 
Fixed carbon ......ccssscoscccnsccsccenssoscesovesscccccsecs sovsanescseses 50.92 to 54.504 
Ash ..erereeene nen ven nnannunnnnanasnassnnnanusnsnnsonanenensnnnnsnennsnuseee 281 to 68% 
Sulphur ..........0.ccccerccccsecvcerecscecescecesscccccseccce seeeesseeseeens - 0.516 to 19% 


These figures evidently show one of the very best coals of the 
State, and beyond question the steadiest in composition of any of the 
large fields. When it is remembered that each analysis represents all 
of the seam that is sent out by the miner, just as it is found in the 
mine from which it is taken, as far as this can be provided for by 
careful and thorough sampling, it will be seen that the averag 
above given actually and accurately represents the lump coal that is 
sent out from the central and western portions of the Hocking Valley 

field. 
. In strength and ability to bear handling, the coal is somewhs 


ite AN no! 
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unequal, but the product of the entire field ranks high. The ooal of 
Sunday Creek, Shawnee and Straitsville, when skillfully mined, is 
scarcely surpassed in strength by the famous block coal of the Mahon- 
ing Valley. While other portions of the field fall below this standard 
to a certain extent, the coal that they furnish is at least equal in 
strength to any other Ohio coal. 

The coal is everywhere mined by undercutting and blasting. The 
‘‘bearing in” is done in the bottom bench of the seam, which is 
the best part of thé coal in several respects. The cost of powder 
ranges between 3 and 4 cents per ton of coal. 

' The coal is universally prepared for market by screening. The 


‚standard that is generally recognized for the screens is 12x6 feet, with 


tt inches between bars. The bars are either steel or iron, and are 
generally $-inch to $-inch wide on the upper surface. 

One-third of the coal sent out by the miner passes through a 
screen of these dimensions. Of this third, somewhat less than half is 
slack, which has hitherto been mainly lost. The balance is unequally 
divided between nut and pea coal, when the latter grade is made. 
If the pea coal is not separated, the slack is increased to this extent. 
The nut coal is counted about half the value of the lump coal at the 
mine. The pea coal does little more than pay for handling. Reduced 
to percentages, the several grades appear as follows: 


Lump @Oal........00.00000ess0ussasssnnensonensnnnnseonnennsonnsonsanee 66% 

Nut Coal o...ccccces onune corccccccccccscsccccees scnccesesceccsccsseceess 10 % 

Pea COM] ........000scceccesesccesecccscccse recess sescccens cesses ssvercens 5 to 15% | aos 
Slack ........ccccseccccccccescccee soccsscccccsscccoscecsccercceseseseess - 9 


By recently introduced elevators, the Ohio Central Coal Company 
has brought down the percentage of slack to between 9 and 10 per - 
cent. of what the miner sends out. 

The extreme regularity of the coal, the excellent roof that covers 
it, the fact that the mines are, in so large a part of the field, level free 
or hill mines, all these facts reduce the demand for skill in mining to 
somewhat lower terms than elsewhere. At least, mining can be done 
here with a smaller amount of training and experience than in many 
districts. _ 

The summer mining rate at present is 70 cents per ton, and the 
winter rate 80 cente. With full working days, the miner will be paid 


- better at these rates than elsewhere in the State, his daily earnings 


ranging from $3.00 to $5.00, and sometimes rising to $7.00 or $8.00, but, 
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for various reasons, the working days are so few and far between, that 
the yearly earnings of the miners in this field fall below the yearly earn- 
ings of many that are mining in thin seams. In short, the natural ad- 
vantages of the field are lost in a great degree, so far as labor is con- 
cerned. 

_ The several divisions of the Hocking Valley field will now be 
briefly described. The main divisions are as follows: 


1. The Sunday Creek Valley. 

2. The Shawnee and Straitsville district. 
8. ‘The Monday Creek Valley. 

4. The Hocking Valley proper. 


To these main centers, the smaller outlying fields will be attached, 
as convenience dictates. 


l. THe SUNDAY CREEK VALLEY. 


This is the first division of the Hocking Valley coal field that is 
entered in coming from the eastward. It is the largest of the several 
divisions just announced, comprising fully one-half of the entire 
acreage of the field. To it there belongs the southern tier of sections 
of Pleasant, the whole of Monroe, eight to ten sections on the eastern 
side of Salt Lick and Coal, and the whole of Trimble and Dover, with 
the exception of the westernmost line of sections in e&ch. It 18 the 
latest in order of development of the several divisions of the field, an 
outlet for its coal being first afforded in 1880 by the construction of 
the Ohio Central Railway. The railway company purchased about 
12,000 acres of coal land and began the work of mining and shipping 
at the date above named, on a very large scale. 

The Sunday Creek Valley holds two workable seams of coal, viz., 
the Middle Kittanning, No. 6, and the Upper Freeport, No. 7, which 
is also known as the Bayley’s Run seam. 

The first of these seams, known generally as the “Great Vein”, 
attains in this district the largest measure of any coal seam in the 
State. On Section 18, Monroe, its entire thickness is 13 feet 2 inches, 
and on Section 23, Salt Lick, 14 feet, the partings of the seam being 
included. Through the chief mines of the district it measures about 
11 feet. | 

Up to the time of the first real opening of the field in 1880, it 
was universally considered the most important and valuable half of 
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the entire deposit of thick coal. Lying mainly below drainage, the 
coal had escaped, for the most part, the accidents of modern erosion, 
and thus its acreage was greatly increased to the square mile, above the 
western districts. The analyses reported from the various openings 
seemed to show a coal of excellent character throughout; at least, they 
gave no hint that any considerable portions of the seam would need to 
be rejected. ‘ Wants” in the coal had been revealed at several points, 
it is true, mainly in the central and southern parts of Monroe, and in 
some adjacent sections of Coal and Trimble townships, but no mis- 
giving had been aroused as to the steadiness of the seam at large. 
When the Ohio Central Railway Company secured access to the field, 
the opening of the coal was carried forward in a very thorough manner, 
the plants for its several mines being by far the most elaborate and 
expensive that had thus far been introduced into the Hocking Valley 
field. 


The development of the Sunday Creek Valley has now been going 
forward at a rapid rate for 3 years, and it must be confessed that its 
results have, to a great degree, proved unsatisfactory and disappointing. 
The unfavorable facts are of such a character that they could not well 
have been brought to light, except through the agency of practical 
development. The failure to recognize them at an earlier date does 
not therefore discredit the sagacity of the geologists who explored the 
field and who committed themselves unreservedly to the strongest 
statements as to its resources, nor does it reflect upon the judgment of 
the capitalists, who felt sure, in planting their millions here, that they 
would reap speedy and certain and generous returns. 


Though a cloud has been thrown over the region by the failures 
alluded to, it is still true that the Sunday Creek Valley is one of the 
great coal fields of Ohio, and will continue to be so for scores’ of years 
to come. The Ohio Central Coal Company, in particular, has control 
of a large acreage extending towards Shawnee, and | sharing the 
character of that field, in addition to a noble body of coal included in 
Sections 7, 8, 9 and 16, of Monroe township, as well as other valuable 
territory. 

To understand the facts involved in-the development of this field, 
it will be necessary to keep in mind the structure of the seam in the 
Upper Sunday Creek Valley, which is as follows : 
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4. Roof coal or Rider seam............... ss... 23 to 4 ft. 
Third slate—Roof of entries, etc..... ......serece ses... 4 to 4 inches. 
8. Upper bench of coal { Bone coal wee 86 to 6 ft. 
Second slate.......cccscscsccssscssresccccscsece cosvesensceas 2 to 4 inchea 
2. Middle bench of coal... .......sccscsessensseee „ 5 tod in. 
Lower slat@.......0. sssscoses aonnenonn soceseecs sesenonsesecees - 4 to 3 inches 
1. Bottom bench of coal ..eeseresonsansnononcenens 2 tof. — 
Fire clay. 


A peculiarity of the structure is the reduction of the middle bench 
to such small proportions, smaller than is elsewhere found in this seam, 
but the bottom coal has full thickness and unusual excellence by way 
of compensation. ' 

When the field was opened, it was popularly supposed that the 
entire 10 to 14 feet of the seam was available for the market, but those 
who understood the other districts of the “Great Vein” best, made 
but little account of the rider seam, and accordingly it was no great 
disappointment to such, to learn what the market soon taught, that the 
24 to 4 feet of this part of the seam must be left behind. The third 
slate in any case makes the safest roof under which to work, and the 
rider would not, therefore, ordinarily be taken until pillars were drawn. 
All of the coal below the third slate, aggregating 7 to 9 feet in thick- 
ness, was counted marketable, without a question, except that the upper 
portion was known to contain a layer of cannel or horn coal in places, 
and there was also known to be a suspicious band directly above the 
second slate. 

The cannel was found in quite large development in several of the 
Sunday Creek mines, lying two feet below the third slate, and being 
from 10 to 15 inches in thickness. This required the splitting of the 
top coal and effected a reduction of $ of the thickness stil] counted 
available after the rejection of the roof coal. 

The remaining seven feet of the seam went forward to , market, 
but serious complaints at once came back on the part of those using 
the coal. Wherever hot and constant fires were to be kept up, it was 
found that the Sunday Creek coal proved unsatisfactory, not from the 
character of the whole product, but on account of about ¢ of what was 
sent out. It did not take a long time to trace this inferior portion back 
to its location in the seam. It was found in a justly suspected locality, 
i, e., directly above the second slate, and, as finally worked out, was 
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seen to consist of two portions, the lower one being a little more, and 
the upper one a little less, than a foot in thickness. 

The lowermost received the designation of the “bone coal” or 
the “hard bone” by way of distinction. The upper portion was 
termed the * soft bone”. 

The designation “bone coal” as applied to these bands is not 
well chosen. They have no resemolance to cannel coal, as the term 
would seem to indicate, but the lower consists of thin sheets of bright 
or cherry coal, separated by much thicker layers of black shale or 
mineral charcoal. Upon fracture, the coal shows a peculiar crinkled 
appearance, which often is found, however, in connection with coal of 
good quality. No one would have a right to reject this band on ac- 
count of its appearance, but when once learned, it can be easily dis- 
tinguished. Its specific gravity is somewhat greater than that of good 
coal, and the crinkled appearance already named helps to mark it. 
The miner, however, can be under no doubt in regard to it on account 
of its position in the seam. It measures 12 to 15 inches in thickness. 

The “soft bone” is a layer of impure and sulphurous coal, 
that crumbles and breaks badly on being handled. It lies directly 
above the hard bone, and has a thickness of 10 to 12 inches. It is 
often whitened in the seams by the formation of sulphates of iron and 
alumina. 

The hard coal burns with a dull, dead fire, on account of the large 
amount of earthy matter that it carries, but when the two layers are 
burned together, a troublesome clinker, that runs on the grate, is 
formed. As soon as the character of the so-called bone coal was dis- 
covered, the miner was required to reject both benches, but a part of 
the “soft bone” is quite likely to find its way into the bank cars 
when it is not whitened with the sulphates named above. It mainly 
passes into slack before reaching market. 

These two layers occasion a further reduction of the seam by the 
amount of 18 to 24 inches. 

One other division of the coal it has been found necessary to 
reject, though not on account of quality. The middle bench has a 
thickness here of only 4 to 6 inches. Though the quality is good, the 
miner cannot justly be required under the present system of payment 


59 G. 


930 GEOLOGY OF OHIO. 


for his labor, to use his time in splitting out this thin band, and aceord- 
ingly the lower slate, or the top of the lower bench of coal, is made 
the line of division. Counting in the second or middle slate, the whole 
thickness of what is here rejected ranges from 2 to 2% feet. In the 
accompanying diagram, Fig. XCa, the structure of the seam, as it was 
understood in 1880, is shown on one side, and on the other, the 
structure as it is found in 1883-4. Less than halt of the coal, where it 
reaches its greatest thickness, is found to be first-class fuel, and to 
gain this amount the coal] must be twice split. 


FIGURE XCa 
GREAT VEIN’ COAL OF UPPER SUNDAY GREEK VALLEY 
4AS COUNTED BEFORE MINING WAS GOMMENGE 
2AG FOUND IN sida ae vaca 


Sacles_.... = 
Roc\Gool or Rider 30° 
Upper SLate -..-.2._ = 
Coal, Upper Bench 60°. 
Second Slate 2" 
Coal MileRend| 
ER EN 
Cool, LowerBench so 









ZMLdäle Slate 
| 4Gool, Niddlebendı 
Cool, LiowerBend 


A worked room of the mine presents a sorry spectacle, with it: 
great ranks of rejected coal, much of which no one would dare to con 
demn from its appearance alone, and all of which is in reality better 
than some of the coals upon which large communities depend. 

The Sunday Creek mines are now made to yield about 6,000 tons 
to the acre, which does not vary much from two-sevenths of the entire 
coal, where the seam reaches a thickness of 12 feet. 

The reductions that are made on account of inferior quality result. 
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of course, in a decreuse of quantity, but there is a more direct re- 
duction of quantity from which half of the mines already opened have 
been found to suffer. The coal has proved unsteady, especially in the 
immediate vicinity of Corning. Clay veins come in, the coal grows 
hard and curly, the rvof shales give place to sandstone, and the seam 
runs rapidly down to 4 ft., 3 ft., 2 ft., nothing. Mines, the expensive 
plant of which would have been good for a quarter of a century of use, 
have been already abandoned, and others that are still worked have 
but a short lease of life. | N 


Three townships make up most of the Sunday Creek field, viz., 
Monrve, Trimble and Dover. Parts of Pleasant, Salt Lick and Coal 
are also included in it. The principal mining now going forward in 
this valley is in Monroe township. 


Coal Mines of Monrce Township. 


The mines of the Ohio Central Coal Company’s lands in the Great 
Vein ‚are designated by the odd numbers, 1, 3, etc., while for the 
mines in the Upper Freeport seam, the even numbers are used. Of the 
latter there are but two now in operation, viz., the twin mines of No. 
12. Ot the former, Nos. 3,5, 7, 9, 11, 13, 15 and 19 have been opened 
and worked. Of these, Nous. 3, 11, 13, 15 and 19 are operated by the 
Ohio Central Coal Company ; No. 7, by the Sunday Creek Coal Com- 
pany, under lease from the Ohio Central Company, and Nos. 5 and 9, 
by W. P. Rend, also under leas: from the Ohio Central Company. 

All of these mines, except the last, are in reality opened in one 
body of cual. The entries of mines Nos. 3, 5 and 13 are already 
worked into each other. Nous. 9, 11 and 15 are situated on the east side 
of Sunday Creek, but their entries have been in some cases driven 
westward under tne creck tv the same body of coal referred to above. 
Nos. 3 and 5 are located in Section 9; Nos. 7 and 9, in Section 10; 
No. 11, in Section 15; No. 13, in Section 16, and No. 15, in Section 26. 
One description will apply to all where the coal is undisturbed. 

Mine No. 13 will be treated more fully than the rest, as it exhibits 
best all the peculiarities of the field. It is entered by a shaft, 66 feet 
deep. That part of the coal extending to the north and west is regular 
and natural in all respects. The section of the seam is shown in the 
accompanying figure: 
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RLGURE EL 
STRUCTURE OF COAL AT MINE N923 ‚OHID 
CENTRAL COAL.COMPANY , CORNING, 
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The seam is divided in mining precisely as indicated in the right- 
hand side of Fig XCa, except that recently the “horn coal” has been 
reduced several inches by splitting off the bottom portion and sending 
it out as ‘splint coal,’ which now finds sale and acceptance in all 
markets. Between 5 and 6 feet of coal are now brought out. 

The rooms of all the mines are worked 25 feet wide. Pillars and 
' ribs are left 10 feet in width, and their strength thus far seems adequate 
to all demands. The coal is in all cases worked to the third main slate, 
which forms a roof of great strength and excellence. This slate is 
black, and contains an infinite number of sigillaria impressions. The 
coal below this slate measures 8 to 8% feet in thickness. Posts are cut 
8% feet in length, and are set in the middle of the roof, and the roads 
consequently lie along side of the ribs. This arrangement facilitates 
the drawing of the ribs, as all the refuse coal, the volume of which is 
very large, is stored in the middle of the room. Ribs are drawn early, 
so as to relieve the weight upon the entries. Whenever they are drawn, 
the rider seam is brought down to some extent. 

Entries are driven in line with the cardinal points. This throws 
them a trifle off from the face and ends of the coal, but in working the 
coal, the miner secures the full advantage of the face by keeping one 
side of the room a little in advance of the other. 
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The composition of the Upper Sunday Creek oval, from the Corning 
and Rendville district, can be seen from the following analyses: The 
coal of mine No. 13 was sampled in a room: from the portions of the 
seam sent out. The coal of Rend’s mine, No. 5, was sampled in the 
same way. The coal of mine No. 3 was sampled from the bank cars. 
These mines all communicate with each other, and thus the three sets 
of samples may be counted as coming from different rooms of one mine. 


Upper Sunday Creek Coal (Lord). 


1. Mine No. 18, Corning, sampled from seam. 
2. Mine No. 5, Rendville, sampled from seam. 
3. Mine No. 3, Rendville, sampled from bank cars. 


1 2. 8 
Moistur® ........cccccenscccccccessccenvescccces secces ces vacsescesccooss 6.11 5.29 5.70 
Volatile combustible matter............ ccccccccscsscccccecseses 37.99 88.32 87.80 
Fixed carbon ......... ccccececccccccsecccecescsccescee ceases secsesccs 50.59 50.77 49.22 
Ash ......o0sssononsannonnsannonan sononnannannnnsmnenannnne sessepevesaccss 5.81 5.62 1.28 
Total .......ccccevee sccccccccccsccvecetossecssccenveccecccncscees 100.00 100.00 100.00 


The coal of those portions of the seam rejected on account of 
quality has also been analyzed, and the results are shown below. The 
rejected benches are known as follows, beginning with the uppermost 3 

1. Roof coal or rider seam, averages 3 feet. 

2. Horn coal or cannel bench, 8 to 15 inches. 

8. Splint coal, bottom of cannel, no longer rejected. 
4. Soft bone coal, 10 to 12 inches, selected block. 

5. Hard bone coal, 12 to 15 inches, average. 

6. Hard bone, selected block. 


Samples of all these benches were taken from mine No. 13. 
Rejected Portions of Sunday Creek Coal (Lord). 


1. 2. 8. 4. 5. 6. 











MOiBture arena 57% | 448 | 278 | 588 |.5388 | 698 
Volatile combustible matter.| 81.08 | 3780 | 4546 | 3431 | 8146 | 3514 
Fixed Carbon mono 4048 | 4777 | 89.92 | 4915 | 49.95 | 4788 
A 92.74 | 9.95 | 1184 | 10.66 | 2091 | 10.80 
Total secccesccccescscceeceeeves 100.00 | 400.00 | 100,00 | 100,00 | 100.00 | 100.00 


Sulphur ........zaseneosenomacenen 0.44 0.52 0.58 0.60 0.48 0.42 
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The portions represented by Nos. 2 and 3 ought both to go for- 
ward to market. No. 4 is rejected because of the extra amount of slack 
that it produces. 

There is a thin layer of coal at the top of the rider seam that is 
known to be good, but it is not practicable to separate it from the rest 
of the bench. Analysis No. 1 stands for the average of the 3 feet of 
the seam. Under present conditions, it is excluded from market by 
reason of the ash that it carries, but this is its sole drawback. It is 
low enough in sulphur to answer fora furnace fuel. The time will 
surely come when coal of this character will be gladly taken in Ohio, of 
course, as second class fuel. It costs more trouble to burn it, but it 
contains a large and available stock of heat that the Commonwealth 
can ill afford to lose. 

No better place will be found in which to trace the process by 
which the Middle Kittanning coal of the northern counties, with its 
remarkable steadiness of volume and composition, holding a thicknes - 

of less than 4 feet through county after county, becomes, all at once, 
‘the great coal of the Hocking Valley, ranging from 8 to 14 feet in 
thickness. 

In Figure LX XIX, page 888, the structure of the seam is shown 
at Sheerhan’s bank, near Moxahala, a short distance before it passes 
under the dividing ridge that marks the northern limit of Sunday Creek 
water. It is as follows: 


Bone coal—Upper bench, rejected ...... Lecsveees eaten cocecesescoscnsesecs 22 inches 
False roof—Second slate ..........cccccccsssswscsnsccscssscsesconees 24 *“ 

Top coal—Middle bench ...... Tune Ueesenees soenes cacceusseccocensns secesssccees 8-10 “ 
Parting—First slate .......ccsccsescecsscccecrsses cecccnsnssesesscsees 1 “ 

Bottom coal—Lower bench .............u0susu0s00nsnnonenosnnenennuonsnunnnen 26 “ 


The type section of the Sunday Creek coal, as shown at Corning 
and Rendville, is represented in Figure XCa, and consists of the follow- 
ing elements, viz. : 


Rider SOA. ..........0ccsceresccsccevcncscevccneces ee: sonne snnnnensennsnnsnnnnunnannen 80 inches. 
Third slate ...........ccccccsseccssccccscsccessccescessscesnsssencee sense ~ 4 * 

Upper bench. { Hohe coal, 24 inches... en 
Second slate........ccccscssccsssssessccsscccoes sescesceasse scence sosseeees 2 * 

Middle bench .........00.sssccscsrossnes cossenees seeees sesseeccceescreces cesseceaces 6 * 
First slate .......ccccccsccccsssscscscesescscesccssccsces sccsces coccccececes 3 “ 


Lower bench ....... otcecceccesece savccscsececesecscescs decaescsccessoncee cececcecs „ 50 





x 
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Comparing these two sections of the seam on the opposite sides of 
the dividing ridge, we find the following facts: 


Mocahala Section. — Sunday Creek Section. 


8. Rider seam....... de asecosecs 80 in. 
[ T. Third slate............ 4“ 

6. Top coal ...........ccssecsees AQ “ 

Black slate. Thin parting. 

5. Bone coal ......cesusscsssssesssees Q2in. 5. Bone coal ..... ... sesaseneee a4 
4. False roof (second slate) 4 “ 4. Second slate (2-4)... 2 “ 
8. Top coal (middle bench).... 8 “ 3. Middle bench (4-6) ...... 6 
2. First slate.. ........ssccer . 1* 2. First slate............. 4 “ 
1. Lower bench...........ccce secs 26 “ 1. Lower bench.............. 30 “ 


The lower five elements of the two sections are seen to be substan- 
tially identical. In other words, the normal Middle Kittanning seam 
is present as an integral and unniistakable part of the “Great Vein.” 
It constitutes the lowermost five feet of the Corning seam. It is 
somewhat changed in character from the northern phase, but chiefly 
in respect to the percentage of sulphur. There is a small reduc- 
tion in the volatile matter and a corresponding increase in fixed carbon, 
but the change is but slight at the point where the present comparison 
is made. The formation of the thick coal of Corning is thus seen to 
be due to the superposition of two distinct benches of coal, aggregating 
6 feet in thickness upon the normal seam. In other words, its compo- 
sition is as follows: 


Hocking Valley supplement ............sccscssssssscsscessees PPPFPFEPRRFRRRRRRFRER 6 feet. 
Normal Middle Kittanning coal ............ccssccscsssccessssonecssessesseceseneees 5 feet. 


The statements now: given cover the main points of interest so far 
as the normal or undisturbed coal is concerned. A few additional facts 
will be given as to the several mines. 

Mine No. 3 has been worked more steadily and largely than any 
other of the field. Its coal is preferred in market by reason of the fact 
that it is more thoroughly cleaned than that of the adjacent mines, the 
screen bars over which it passes being 14 inches apart. The nut coal 
is also more salable. All the coal comes out wet, and to accomplish its 
effectual cleaning, certain unusual stops are attached to the screens. 
This is the only mine in the valley in which colored miners are 
exclusively employed. | 

Mine No. 5, known as Rend’s mine, has by lease 50 acres of un- 
broken coal, so far as workings have yet advanced. It is the only mine 
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of this valley in which mining machinery has been employed. The 
Harrison machine was introduced here at the opening of the mine, but 
it was not retained very long. The working faces were wet in so many 
instances that the machines were at a disadvantage. | 

Mine No. 7, known as the Baird mine, has by lease, 80 acres of the 
coal already described. No fault nor interruption has been found in 
its workings thus far, but it shows as regular a body of coal as is known 
in the valley. 


The three mines named above are the only ones of the Corning 
and Rendville district that have not suffered more or less from unex- 
pected and disastrous ‘“ wants” in the coal. Mines, Nos. 9, 11, 13 and 
15 all came to trouble before their entries had been advanced 100 yards 
from the shaft. All of these but No. 13 are on the east side of Sunday 
Creek, and the explorations have been thorough enough to prove 
that there is very little to be looked for on that side. No. 15 is 
already abandoned and filled with water. There is very little more 
than the lower bench that can be depended on here, and it cannot be 
mined under present conditions of market, although the coal is of excep- 
tionally good quality. About 34,000 cubic yards had been excavated 
when the mine was shut down, which stands for about the same number 
of tons of coal. Mine No. 11, located in Corning, was in the same 
condition, and would have been closed before this, had it not been for 
the recent purchase of the Rogers farm, which allows it to extend its 
working under the creek to the westward. By this means its life will 
be continued for 5 or 6 years. 


Mine No. 9 has coal to the northward and westward for 2 or3 
years yet. On the east it has nothing. It met with failure of the coal 
before its workings were extended 100 feet from the shaft. It has pro- 
duced thus far about 54,000 tons of coal. 


Mine No. 13 is located exactly on the boundary between the regular 
and the broken coal. All of its southward running entries were st 
once involved in the fault. Many attempts were made to find coal 
beyond, but it is now demonstrated that there is an extensive “ want” 
in that direction. To the west and north its coal is normal, and thus it 
* has a large acreage still tributary to it. 

Whenever the coal fails, it is from one of two causes. Either clay 
veins rise from the floor and interrupt its continuity, or the sandstone of 
‘ the roof descends and takes the place of the seam, in part or entirely. 
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The first of these causes is much the more to be dreaded, as the ex- 
perience of the field thus far has shown that when the coal fails from this 
cause, its failure is likely to be final, whereas, a narrow trough in the 
seam may be filled with sandstone, which, if crossed directly, may show 
the coal of proper thickness immediately beyond. As the coal approaches 
a clay vein, its character is changed. It becomes hard and curly, and 
thus more difficult to mine. The roof also becomes irregular and 
dangerous, and the advance of a few yards will often carry the miner 
from good ground into an entirely worthless mixture of coal, clay and 
shale. . 

Clay veins are the principal sources of trouble in all of the mines 
here named, but they are often more or less closely associated with the 
descent of sandstone, and it is the latter element that has worked the 
greatest harm in the region to the southwest of Corning. A great 
“want” in the coal has been known for a number of years in Sections 
20, 21, 28, 29, 32 and 33, Monroe township. It has been connected by 
some with a similar want in the eastern sections of Salt Creek, but 
according to present knowledge they are distinct, a body of coal of full 
thickness occupying the interval. It now appears that this first-named 
failure of the coal extends directly through to Corning, and that the 
trouble of Mines Nos. 13 and 15 indicates the northern boundary of this 
“€ want,” so that parts of ‘Sections 22 and 15 must be added to the sec- 
tions already named, making the total area of the “want” more than 
2,500, and probably more than 3,000 acres. 

Another serious interruption of the Great Vein, which has also 
been known for a number of years, is found in Sections 24, 25, and 36, 
of Salt Lick, and in the adjacent Sections 31 of Monroe, 36 of Trimble, 
and 6 of Ward township. No doubt other territory will also be found 
-damaged by this want, but not enough is known to warrant the laying 
-down of boundaries for either of these two or more broken ones. The 
hypothesis of an ancient water-course, coming from the north-west and 
eroding this territory shortly after the coal was formed, does not match 
well with present knowledge. It would require more than one river to 
explain the facts, and the erosion of the sea would seem to be a more 
probable agent of the waste than the drainage of the land. 

The facts as to these wants are indicated on the map of the Hock- 
ing Valley field which accompanies this chapter, but the qualification 
already made needs to be repeated, viz., that good coal may hereafter 
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be found in sections which are marked as deficient, the proving of the 
territory having been, in many cases, quite unsystematic and imperfect. 

Mine No. 19, located at Buckingham, in Section 19, makes the last 
of the Great Vein mines of the township. It is one of the best equipped 
and best ordered mines of the State. It is justly counted by the Ohio 
‘ Central Coal Company as one of its most reliable and valuable bodies 
of coal. The section of the coal is shown in the accompanying 
diagram : 


FIGURE ACW 
STRUCTURE OF COAL AT MINE NR 19, 
OHIO CENTRAL COAL CO. BUCKINGHAM. 
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The seam is here made to yield 5% to 6 feet of coal, or about 6,000 
tons to the acre. It shows few reductions or interruptions, 90 far as 
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worked, except that the bone coal already described is rejected. The 
composition of the coal is shown in the following analysis : 


Composition of Buckingham Coal Mine No 19 (Lord). Sampled from the Seam. 


Moisture ......cccccccccccscsccescccce see ccccsccencccecceus covsssens: leceeces covacecsccccccece 6.50 
Volatile combustible matter ...........ccecscosceccccesseccecessecscesceces soonennenen 88.85 
Fixed carbon .......00...0cccsescevesceccscces vcececce annnannnnnnsnanene sonen sesceececee: „ 48.87 
Ash ...2..cccccccccsnccccccs sescecsscnscoccevevsccces esse cecessoscncccccscecscecscrecsenacsevess 5.78 

Total eeeceeces ccvcvesesseccevececcsccecseeccens soccas vesceceus- cevccees soepeeecsssceccccses 100.00 
Sulphur ............scsscessccsscoccncsaeee conse ccessescsseeeseseececnessssaessseesonse seeses 0.82 


The coal is a trifle lower in fixed carbon than most of the Great 
Vein, approaching the northern type of the seam in this respect, but in 
its low percentage of sulphur it shows one of the most valuable charac- 
teristics of the field to which it belongs. 

Mine No. 21 of the Ohio Central Company is located in Section 
23, Salt Lick township. It is but recently opened, but is already pro- 
ducing over 200 tons daily. The coal here shows its maximum thick- 
ness, so far as now. known, for the entire field, viz., 14 feet. Of this, 
the roof coal makes 4 feet. It is believed that a larger yield will be 
secured from this mine than from any other yet opened in the Sunday 
Creek Valley. Thus far, there has been sent out 7% feet of coal. 

The entries driven southward have already found some trouble, it 
is to be said with regret, but how serious the interruption will prove, it 
requires further development to determine. The coal of this mine is 
continuous with that of the Shawnee mines, not more than one mile 
separating the workings of the two fields, and it must soon acquire the 
full character of the Shawnee coal. A large area is tributary to the 
mine, and it is expected that an output of 300 or 400 tons per day will 
be maintained for a long term of years. Its equipment is especially 
complete. The coal is level-free, the bottom lying a few feet above the 
valley of Hadley’s Run. 

The “Great Vein” was formerly supposed to be present through- 
out the whole township, but there now seems no reason to believe that 
it ever existed in the 6 north-eastern sections of the township, and in 
19 sections, in which it was once laid down, it is known to be either 
faulty or wanting. The best of it is doubtless to be found in Sections 
7, 8, 9, 10, 15, 16, 17, 18 and 19. 
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These statements complete the account of the Great Vein, in Mon- 
roe township, as far as present developments warrant. 


The Upper Freeport Coal (No. 7) of Monroe Township. 


This seam has been opened at several poits by the Ohio Central 
Coal Company within the township, but the only mines now in open- 
tion are the twin mines known as No. 12, and located near Middletown. 
They have been worked for 2 years. The coal in this neighborhood 
has long been mined for local supply, the seam having here acquired 
the name of the Norris coal by which it is quite widely known. Refer- 
ence has already been made to the seam on pages 105-6. The Norris 
coal is there shown to be identical with the Bayley’s Run seam. The 
Great Vein is wanting in this immediate neighborhood, and this fact 
has increased the difficulty of identification. 


The Norris coal has the usual character of the Upper Freeport 
seam for this district. It is a 6-foot seam, divided into two benches by 
a main parting, in addition to which there are frequent thin bands of 
shale that serve to break and weaken the coal. A thin streak of cannel 
often directly underlies the coal. 


The structure of the seam at the Twin mines is represented in 


Fig. XCII: 


TISURRE CH 
STRUCTURE OF UPPER FREEPORT COAL 
AT MINE N82, OHIO CENTRAL COAL CO. 
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Its composition is shown in the following analysis : 


Composition "f Norris Coal, Twin Mines, Ne. 12 (Lord)—Sampled from the Seam. 


Moilsture 2... needs Ses fuawesdage dopa nadensierwsese 7.50 
Volatile combustible matter .............cccscessccscccccsccesceccccce sosccsccccccenses 88.38 
PISO! CAFO 2... 0:0 decersacaveeauenod sass sen Gosgesesace 49.57 
OTN an ee 4.55 

Totale ea nen he „ 100.00 
Sulphur nee Lsaneeeeesaeecesaeesoonesseeee senses serene causes causes snasensoeueaeeos ~ 1.10 


The greatest thickness found in the mines is 6 feet 9 inches. The 
seam is quite steady. The cover is light and the roof is troublesome 
and dangerous. The coal finds use mainly in the production of steam. - 

Mine No. 2 was worked in the same seam for a few months, but the 
coal proved uncertain and expensive to mine, and the workings were 
consequently abandoned. The thickness of the seam was 34 feet in 
its most regular portions. The mine was located in Section 5, Pleasant 
township. Other mines have been opened in the seam for local supply, 
but there is no inducement to extend their workings further at the 
present time. There is a considerable acreage that can hold the seam, 
but owing to its uncertainty, no calculations can be based upon it with- 
out careful proving of each particular area. 


Coal Mines of Trimble Township—Sunday Creek Portion. 


There is not much more known in regard to the condition of the 
great coal in this township than at the date of the last reports. One 


FIGURE XCry 
STRUCTURE OF MIDDLE KITTANNING COAL(NIG) 
AT SHAFT MINE ONE MILE SOUTH OF JACKSONVILLE, 

UNDAY CREEK VALLEY. 
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mine has ‘been opened by the Ohio Central Coal Company, and is nov 
operated by W. P. Rend. It is located in Section 7. The shaft is 13 
feet deep, and the coal has a thickness of 6 feet 4 inches, partings 
included. The structure of the seam is shown in the accompanying 
diagram : 

It is not certain that these partings correspond to those of the seam 
further north. | 

There is without doubt much valuable coal land of the great seam 
in this township, but it cannot be denied that the development of the 
region northward has thrown a cloud over it. It is no longer allowable 
in wise and honest mining enterprises to presume upon the steadiness 
of the seam or to count all its coal available. Each of these points 
must be properly tested, and every mining property must be proved 
and established for itself. 


The Upper Freeport Coal in Trimble Township. 


This seam has considerable value in the Sunday Creek Valley; 
Dover and Trimble townships, in particular, contain one of the most 
valuable basins of this coal in the western coal field. It has long been 
known in this district as the Bayley’s Run coal, the same being taken 
from Dover township. It has been mined for the entire local supply 
of the Valley for many years, banks being opened on very many farma. 
The seam generally carries 4 feet and a few inches of coal in two 
benches, approximately equal, separated by a shale parting of two or 
three inches. So far as worked, the seam has proved itself steady and 
regular. There is no doubt that it will afford a safe basis for mining 
for the general market. 

One railroad mine has lately been opened in the township at 
Jacksonville. A section of the coal is given below: 


FIGURE XCWV 
STRUCTURE OF UPPER FREEPORT COALNT) - 
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The coal carries considerable sulphur, and lacks the strength of the 
great seam, but there is no reason why it should not take fair rank 
as a steam coal. By many who have used it as house fuel, it is 
highly valued, and by some it is preferred even to the great seam. 

The Jacksonville mine is a well-equipped slope, prepared to send 
out 15 or 20 cars per day. At the present time, however, it is lying 
idle, all of the mining at this point being done in the shaft mine of 
the lower coal. 

Among the numerous country banks in the Bayley’s Run coal in the 
township, the Jackson bank of Mud Fork has as good a reputation 
as any. An analysis of its coal is given below: 


Bayley’s Run Coal, Johnson Bank (Lord). 


Moistur® ........cccccecseccne zunonnonnonnnonananunannnnnnen sonen veveceseecccecs sevceceenssece 4.40 

Volatile combustible matter ............. ses do ccccevececavescceccesscveceseacesses ces 41.44 

Fixed carbon .......cc2c sccccccee ssccccscccns :cosvecesceceseseccee nennen sonens socccsecessces 50.05 

Ash .....enenesenesnsssensunssnnnnonsnonsnnensnnnsnnnensnnsnnse nsannsnunsensansannan tenses snenen 411 

Total .......cccccccecccccscescccceccccscccccces concccccccccccvcascencecce soccscoscnsvasace 100.00 

Sulphur .......0.sccccccesccsenaces scons snocsscacccenccccsseeees secswscceseees sessesaceseeecs 8.37 
» 


The only fault to be found with the composition of this coal is its 
high percentage of sulphur. In the strength to endure handling, it is 
also deficient, but it compares favorably with the great seam in all other 
respects. 


Coal Mines of Dover Township—Sunday Creek Drainage. 


No coal of the Hocking Valley seam is worked in this portion of 
the township, but it has been found in several drill-holes with a thick- 
ness of 6 to 8 feet, ata depth of 75-125 feet. Its quality cannot, 
of course, be properly estimated until the seam is fully opened, but a 
favorable outcome is to be expected. This whole portion of the town- 
ship is credited upon the map with the great seam, but the qualifications 
already made apply with full force to this territory. ‘“ Wants” will be 
found upon development, that, when duly represented, will destroy the 
uniformity of delineation, which is now employed, but the territory has 
a right, from the very meager and imperfect investigation thus far 
made, to a favorable prepossession. It is “Great Vein” territory. 

The drill-holes now known to have reached the coal are as follows: 
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Section 22, coal ..............ccscsscecscsscsccrccsscoees sesescesecccccsccs csccescessecsecese 7 ft 
Fraction 11, Coal........c.cccscccccscccscsrccsecccsscscccnsssesesseeccesons sseccces cosvesnce 64 ft. 
Fraction 18, west half, coal.....eses.. soscecccscccscccessccesesccccsccsccscessessonces - 8 ft. 


The entire reliance of this portion of the valley for fuel supply 
has been and is in the Upper Freeport coal, here known as the Bayley’s 
Run seam. It has been already desoribed under the preceding section. 
It lies near the drainage level, and is universal throughout the valley. 
It reaches a maximum of 5 feet, and seldom falls to 4 feet. It is un- 
questionably an excellent basis for mining operations, and must soon 
come into use, now that fransportation is at hand. 


2. THE SHAWNEE AND STRAITSVILLE DISTRICT. 


Under this head will be included all of the Middle Kittanning coal 
(No. 6 of Newberry) of Salt Lick and Coal townships, that is 5 feet 
and more in thickness. A single small outlier in Gore township will 
also be included here. Such coal is found in Sections 11, 12, 13, 14, 
15, 16, 17, 19, 20, 22, 23 and 24 of Salt Lick, in whole or in part, and 
‘also in Sections 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35 and 36 of Coal 
township. The total area of “Great Vein” land in this district, in- 
cluding the “ wants” known and undiscovered of the seam, is about 
11,000 acres. The coal is known to be more or less defective in sec- 
tions whose total area exceeds 3,000 acres, but it is to be distinctly 
understood that exploration has not advanced far enough to render 
possible any exact statement or any close estimate of the actual failures 
of the coal. Only those points are known, generally few and far be- 
tween, where mine entries have come to trouble, or where drillers have 
reported defective coal, and the underground connection of these points 
is hypothetical and tentative. 

The first methodical testing of the field is now going forwar! under 
the management of the large companies that are working here. 

Through Sections 11, 12, 15 and 16 of Salt Lick township, the line 
of division between the normal Middle Kittanning seam of the northern 
counties, and the great seam of the Hocking Valley, passes, and the 
best opportunities afforded by the entire field are given here for observ- 
ing the nature and mode of this surprising increase. The whole of 
the change is, in fact, accomplished within the workings of a single 
mine, as will be presently shown. 

As in the Sunday Creek Valley, already described, the thick coal 
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here also consists of the normal seam, a little thicker and purer than 
the northern phase, immediately overlain by the Hocking Valley sup- 
plementary seam. The first, second and third benches of the great 
seam, the latter of which contains more or less inferior coal, as a 
rule, which is known as bone coal and soft coal, constitute the original 
seam. The supplementary seam was built upon it with but a very 
slight interruption. The original seam includes about 5 feet of the 
compound bed, leaving the same amount of coal, but of much less 
value, to be referred to the additional deposit. 

This district produces more coal to the aore than any other in the 
State, the yield under favorable conditions being 9,000 tons of lump coal. 
The result is certainly no more than should be expected, when it is re- 
membered that a seam 9 feet thick, carries 15,768 tons to the acre, 
the specific gravity of the coal being 1.29. Of this amount, 9,000 tons 
constitutes 57 per cent. 

The Shawnee and Straitsville coal endures handling and transpor- 
tation somewhat better than the coal of the Monday Creek and Hocking 
Valley districts, being inferior, in fact, to but one field of the State in 
this respect, viz., the block coal field of the Mahoning Valley. On 
these accounts it is especially adapted to the lake trade and for ship- 
ment to the north-west. 

The mines of this district are without exception level-free or hill 
mines. Most of them are under good cover, and over much of the 
territory the hills rise high. The dip is quite regular, though there 
are, of course, local interruptions. It is fair to count on 25 feet to the 
mile, in a direction between east and south-east. 

The roof, wherever normal, is very strong and safe, consisting 
of 10 to 20 feet of yellow or gray shales. Occasionally the shales. 
have been cut away by descending sandstone. In this case, while . 
the roof possesses greater strength then ever, it is still counted less 
desirable than shale, the coal being generally more or less troubled 
by the approach of the sandstone. The floor of the coal is a heavy 
bed of fire-clay, which, however, makes a fairly good bottom. It 
occasionally “creeps,” in wet workings, or where entries and worked 
rooms are allowed to fill with water, but, with good management, no 
difficulty is experienced in this respect. 


60 G. 
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Shawnee. 


The following mines are opened at Shawnee, viz.: 


The New York and Straisville Coal and Iron Company’s Mines, known as the Ney 
York mines, the Vilas Furnace mines, “ ai Withe”’ mines, etc., located in Se. 
tions 15 and 16. 

The Furnace Coal Company’s Mine, known as the Manly mine, located in Se. 
tion 15. 

The Shawnee Valley Coal and Iron Company’s Mine, in Section 22. 

The Fannie Furnace Mine, in Nection 22. 

The Newark Coal Company’s Mine, in Section 21. 

The XX Furnace Mine, in Section 21. 

Card and Upson’s Mine, in Sections 20 and 21. 


The New York mines hold but little of the thick coal, almost their 
entire territory belonging to the normal or simple phase of the seam, 
but in their several workings the transition from the thin coal to the 
augmented seam is made, as is shown in the following sections: 
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In Fig. XCVI, the structure of the coal in the northward running 
entries of the furnace mines is shown. It is obviously the same seat 
that we have followed through all the region north. As showns 
McCuneville, it has already been figured in the preceding chapter 
(See figure LX X XI, page 907). The McCuneville mine is on the farm 
adjoining the furnace property, and undoubtedly the coal holds the sax 
general structure and measurements throughout the interval. The cod 
of this property strengthens on the extreme western boundary, t 
supplementary seam being there found, separated from the origiss 
seam by a thin bed of shale. It also takes the addition in the eastwart 
running entries, where the section shown in Fig. XCVII was measarel 
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FIGURE XVII 
STRUCTURE OF MIDDLE KITTANNING COALQMG) 
ATHICKORY WITHE MINES” SHAWNEE. 
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The additional coal is here bony and inferior, and it is separated from 
the normal seam by 8 inches of clay and shale. The line between the 
two phases of the seam is thus seen to pass through this property. The 
coal of these mines, coming almost entirely from the lower benches of 
the seam, has a good name in market, but it does not mine as large 
nor show as much strength as the coal of adjoining sections. 

The Furnace Coal Company’s territory, known commonly as the 
Manly mine, lies directly east of the New York mines, and shares in 
the general character of that property, except that a larger proportion 
of it contains the thicker coal. The line of division is found in the 
entries of this mine also. In the southern portion of its land, the seam 
acquires its full volume and value. 

The Shawnee Valley and the Fannie Furnace mines are next 
reached. Both of them hold the Great Vein in good condition. The 
body of coal that begins here and that occupies Sections 21 and 22 of 
Salt Lick township, has been worked almost continuously through Sec- 
tions 19, 20, 27, 28 and 29 of Coal township. Within these limits are 
eight large mines, and they unquestionably send out the best coal for 
lake shipment that at present is reached in the entire field. On the 
Shawnee side of the ridge, the mines are the two named above, together 
with the Newark, the XX Furnace, and the Upson mines. The double 
seam is here, in some respects, at its best. There is less waste in the 
coal than at any other point where it reaches 10 feet or more in thick- 
ness. Aside from the regular slates, there is not more than a foot to be 
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thrown out from the entire thickness. A few inches of inferior quality 
are always to be looked for directly above the second slate. Sometimes 
this band is called bone coal, and sometimes soft coal. Occasionally 
the whole bench is found fit for market. The average thickness of the 
rejected coal at this point in the seam, for the body now desoribed, is 6 
inches. Another layer of inferior quality, from 4 to 8 inches thick, 
ocours near the top of the seam. It is commonly a heavy and lustreles 
cannel, in which case it is known as “horn coal,” but it is sometime 
“soft coal,” and again it is sometimes of the variety already described 
as “bone coal.” There is always inferior quality at this level. A thin 
band next to the roof, and called by the miner white cap, is also re- 
jected. It is about 2 inches thick. , 

The Shawnee Valley mine is one of the best ordered and equipped 
of the entire field. It was the first in the valley to introduce a wire 
cable for hauling out the coal. The cable now extends about 1} 
miles under ground. The trouble arising from a change of direction in 
the main entry has been ingeniously overcome, and the system has 
proved a decided success in every way. 

- The coal is represented in the accompanying figure, the section 
being taken from a room where the seam shows its full volume: 
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The figure clearly represents the structure and general character of 
the seam. The roof coal, 29 to 33 inches in thickness, is not taken 
down in entries, nor in rooms, until pillars are drawn, as it makes an 
excellent roof under which to work. A portion of it is finally recovered. 
Its composition, as sampled in the mine, is shown below: 

Roof Coal, 29 to 88 Inches, Shawnee Valley Mine (Lord). 


WE GIBGUTO asien engen laser neesee cviaventeataeeewoss 8.57 
Volatile combustible matter .........cccoccscccsssccccnsccccccscccccsccccccccccsccces „ 89.55 
Pix64 carbon 2... alien „ 48.00 
RY ne a sel erseheeeehe 6.79 

Total a2: ctw bused vas oucnewen saad end waseeusassedeussoeses .- 100.00 
Sulphur una vec saedesdccsesaassen — 


This analysis indicates that the top coal brings down to some ex- 
tent the standing of the lower benches. The latter run higher in fized 
carbon by 3 to 5 per cent., and lower in ash by abcut 2 per cent., but 
there is no warrant for leaving in any mine of the State any coal of 
this character that good mining can bring out. | 

The upper bench of the normal seam and the lower of the supple- 
mentary seam are run together in the 50 inches of coal that are shown 
above the second slate. The division comes about 5 feet from the bot- 
tom of the coal. The 4 inches of soft coal come in the place{of the 
horn coal of other mines of the vicinity. 

In the Fannie Furnace mine, which belongs strictly} to the same 
body of coal, the entries being worked through from one mine to the 
other, the roof coal is not always found. A section of the coal taken 
here is shown in the following diagram: 
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The seam where thus constituted yields a little less than 8 feet of 
coal. The output of this mine has established itself as a good furnace 
coal, but only the lower benches of the seam were used for this purpose. 

The same conditions and descriptions apply in #1] respects to the 
mines of the Newark Coal Company and the XX Furnace. 

Card and Upson’s mine is the last of the Shawnee list. Its terri- 
tory extends almost to the northern limit of the field. It comprises an 
undisturbed and regular body of the great coal, which averages 9 feet 
in thickness, and in which no interruption worthy the name has yet 
been found. The structure of the seam is shown below: 
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The seam was carefully sampled in an average room of this mine 
and analysis shows the composition given below: 


Coal of Card and Umson’s Mine, Shawnee (Lord). 








Möisture:.... ee ee ES ey ae TTR 6.09 
Volatile combustible matter .............. Be ee 35.61 | 
Fixed Carbon anni 51.4 
ab A a ee ae nn 6.88 | 
Total use ersteren BENENRUTSEEN 100.00 | 
Bulplürsci are. Sarah 0.84 


The ash is probably a trifle higher than some other portions of th | 
seam might have shown. Its relatively large amount results from t: 
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great thickness of the top coal, but this mine has gained as good a name 
as any in the thick coal. 


There was shipped from Shawnee, in 1883, 420,000 tons of coal, of 
all descriptions. The four furnaces of the town, when in blast, require 
about 60,000 tons per year additional to the amount sent out to the 
general market. 


In the interval between Shawnee and Straitsville the valley of 
Rock Run is cut down a little below the level of the coal, and a new 
mine was opened here in 1883. The mine commands somewhat more 
than 200 acres of coal land, situated in the south-west quarter of Sec- 
tion 21, Salt Lick township, and in the adjoining Section 28 of Coal 
township, the mine being opened on the latter. It is commonly known 
as the Rock Run mine, though its full designation is Mine No. 3, of the 
Columbus and Hocking Coal and Iron Company. It is reach:d by a 
branch road, built by the Baltimore and Ohio Company, from the 
Newark branch below Shawnee. The coal is worked by the company 
above named, under lease from H. Hazleton, on a royalty. 


This new mine shows as fine a body of the Great Vein as there is 
in the Hocking Valley. The coal is steady in thickness, and apparently 
also in quality. Its structure is indicated below: 
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The composition of the coal, as sampled from the entire seam, is as 
follows: 


Coal of Rock Run Mine (Lerd). 


MOisttre......ccccccccccocccccsncces sccecccsccscccecccscccccsesescesceccs coccceseccececs anna 6.15 
Volatile combustible matter ........ccccccccccsccccsevesccccceccccccscescccvccncececece 38.53 
Fixed Carbon..........ccccccccsescccsvcccccccesccccccccscccecccoscevccecccscenccoes secececes 48.95 
Ash... ccccccccn seccscccccccccsscssecccveccces sosseeces ccccccccccccecsenscacevevsecavncesecsonces 6.87 

Totall.......cccoccccceccccccccccccces cesses secceccccccscecccsccccccescoccccsocscssscavecces 100.00 
Sulphur... ......cccccocccceccccaccnvcccccescenscenceccecssccccss cesseecusens cesses cssess sree — 


This analysis is a little disappointing in the low percentage of 
fixed carbon, but it is to be remembered that it is the average of 9 feet 
of coal, of which 5 belong to the upper benches. 

The parting between the soft coal over the second slate and the top 
coal is thin but regular. It is the separating line between the normal 
and supplemental seams. The soft coal runs as high as 12 inches at 
times, but it is often reduced to 4 or 5 inches. Two inches of horn 
coal or cannel are split out of the upper coal, the streak lying 18 
inches below the roof. The coal above the cannel is not taken down 
- in entries nor in rooms, until pillars are drawn, when all comes out. 

Analysis was made of single samples from the lower bench, and 
also from the coal: above the cannel, the results of which are given 
below: 


Composition of Coal from Rock Run Mine (Lord). 


1. Coal above the cannel. 
2. Coal from bottom bench. 





1 2. 
Moisture ....cccccceccesccccscncccsccscccccccccceusccceccecesccsescccceeccssecsseccvecs 6. 6.35 
Volatile combustible matter...........ccccccecsccscsesccccsvccecccvscene sesees 88.51 38.49 
Fixed CArboOn.........cccccccccscccvcccccccovccccccccccevcscccace sconce senses scncceecs 46.84 50.81 
deccescecesseeescscessacccrens sesseeccevecccesccessceccucecsecccecs seosccces sracesece 4.35 
Total ......... cccsceccccccescccccccassccccesscccsovccsecs sveneescoseconcesecess 100.00 100.00 
Sulphur ....0..00 esesesee veecceccnsccesscacscccececeavees cosesececsesacs PITEPEUFFERRUN PEFPEERUERRERREE EERRRRRRERE . 





These figures, like those previously given, clearly indicate the effect 
of the top coal upon the output. The fixed carbon is reduced and the 
ash is increased by it. Wherever the seam is greatly thickened, a re- 
duction of quality is inevitable. 
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Straitsville. 


The following mines are now worked at Straitsville, viz.: 


Troy mines, old and new, C. & H. O. & I. Co., No. 5. 

Straitsville Central mine, ©. & H. ©. & I. Co., No. 7. 

W. P. Rend’s mine. 

Straitaville Mining Company, C. & H. C. & I. Co., No. 38. 

Straitsville Coal Company, or Plumer Hill, C. & H. C. & I. Co., No. 365. 
Consolidated Coal Company’s Mine, Old Straitsville. Lately given up. 


The next mines to be reached in the particular body of coal that 
we have been following, are the two openings known as the Troy mines, 
or as No. 5 of the Columbus and Hocking Coal and Iron Company. 
These mines aré as widely known as any in the field, and their output 
is as highly esteemed, especially for the lake trade. The seam shows 
its full thickness and its full strength. All of the favorable statements 
applied to the Shawnee Valley and Rock Run coal are also applicable 
here. The new mine is advancing to its northern limit, which is also 
the limit of the coal, not more than 800 feet intervening between the 
present workings and the outcrop. The old mine gets under heavy 
cover from the first. ' 

To the Excelsior mine of the Wagoner Coal Company of Summit 
county there was given, on a preceding page of this volume, the credit 
of making the largest output, in a single day, of any mine in Ohio, but 
that statement must be withdrawn and a higher place in production 
must be assigned to the Troy mines. From the new mine, 1,573 tons 
have been loaded in a single day of 9 hours, and from the old mine, 
1,499 tons in 9 hours, according to the testimony of James W. Heppel, 
the inside boss. © | 

In several adjoining rooms of the new mine, reptilian tracks were 
found in the roof shales, the first thus far reported in Ohio. They will 
be described on a sucoeeding page if space can be secured. 

The structure of the coal is shown below: 

The soft coal is given as 4 inches thick, but this measure is a 
minimum. There are occasionally found, however, rooms in which no 
part of the bench to which the soft coal belongs is rejected. The 
seam yields on this property fully 9 feet of clean coal. 

The mine of the Consolidated Coal Company, known as the Old 
Straitsville mine, occupies the outermost spur of the Great Vein, to 
-which the Troy mine belongs. Its coal is all included in Section 19‘ 
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of which it forms about one-third, and it agrees in all respects with the 
coal already described. There are probably 50 acres of coal left in 
this property, which has just passed into. the hands of the Columbus 
and Hocking Coal and Iron Company. Its coal, except, of course, 
near the outcrop, has as good a reputation as any coal in the field. 


Passing to the southward, from the Troy mine, the first mining 
property to be reached is, that known as the Straitsville Central 
Mining Company, now known as mine No. 7, of the Columbus and 
Hocking Coal and Iron Company. The property originally included 
about 600 acres of coal land. The character of the coal agrees with 
that of the Troy mine in all respects. This is the only Straitsville 
mine in which machines are used upon the coal. The Lechner machine 
was introduced here early, and its work has been very satisfactory. 
The new machine, especially, is very effective and rapid. Four 
machines are now employed in the mine, and a large percentage of the 
coal is produced by them. 


The coal of the Straitsville Central mine has the composition 
shown below. The whole seam was sampled in an average room: 
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Coal of Straitsville Central Mine. ( aks 


Moistüre 2a een ces beccosecoaais 6.66 
Volatile combustible matter. ......ccccccccsrcccccsceccccctcecsscccsces sovcecccsesees 36.07 
Fixed carbon.. ......... 5 uals ites oe oN ut seis EHRE RENUECDEELETS REES 50.92 
PBN: nee maesubuusas canenciaseavanet IE HERE NEED NER AUESETE MAIER 6.35 

Total... een 100.00 
Sulphür aus 2 eves scecanticaces wanswaudeuvcraucossesveuvanasecuscnseaenaseceuanes 1.01 


The section and structure of the seam agree with those last given. 
This mine has a long lease of life, inasmuch as by it: a large and 
valuable body of coal can be best reached. 

Contiguous to the last-named mine, and also to the Troy mine, and 
forming part of the same body of coal, is the mine operated by W. P. 
Rend, under lease from the Columbus and Hocking Coal and Iron 
Company. It is known as Mine No. 6 of this corporation. No 
separate description is required. 

Mines Nos. 33 and 35 of the syndicate (Columbus and Hocking 
Coal and Iron Company), formerly known respectively as the Straits- 
ville Mining Company’s and the Straitsville Coal Company’s mines, 
originally included about 750 acres of coal lands in Sections 29, 30, 31 
and 32 of Coal township. Mine No. 35 is also known as the Plummer 
Hill mine. 

A section of the coal in one of the best rooms of No. 35 is shown 
herewith : 
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The ordinary measure falls a few inches below these figures, and 
on the north-eastern side of the mine the uppermost bench is wanting 
for a considerable area, reducing the seam to 7 or 73 feet. | 

The parting between the normal and supplemental seams is every- 
where found. The upper bench of the normal seam is generally thicker 
than it is shown in the figure, there being nearly a foot to be rejected 
here, including the second slate. 

The coal of both of these properties was found to be seriously 
interrupted in the front hill, by sandstone ‘‘ horsebacks”’ proceeding 
from the roof, and by the associated clay veins that rise from the floor, 
and large outlays have been incurred in driving through the low coal 
and the rock. The direction of the sandstone channels is approximately 

south-west, but the clay veins, though associated with and apparently 
- due to the descending rock, are irregular in their boundaries, and are, 
therefore, much more confusing than the sandstone faults. 

These mines, among others, illustrate the modes in which ultimate 
loss is incurred by unskillful management in mining. The coal of this 
field is easy of attack, and, at the outset, mines seem to have been lo- 
cated and worked with reference to immediate results, without definite 
and well-considered plans as to their continuous operation. Asa 
consequence, it has been found necessary already to shift, at large ex- 
pense, tipples and tracks, while the underground workings present a 
dreary display of weakened and endangered entries, for which adequate 
protection can not now be easily secured, and a wilderness of lost 
pillars and props. Blocks of coal are also cut off, occasionally, from 
their natural routes of egress, and can be gained only by increased 
expense. The amount of coal needlessly sacrificed in the Straitsville 
mines, by want of proper knowledge and skill in opening and managing 
them, will reach a high figure. It this field had been, from the first, 
handled with the same care and skill that characterize its recent 
management, it would have made its present value greater by more 
than 200 acres of solid coal. In other words, more than 200 acres of 
coal have been needlessly lost to the field. 

The front hills of these two properties have been almost entirely 
worked out, and the solid coal lies a half mile or more from the tipples. 
More than 200 miners are now engaged in drawing stubs and pillars in 
these mines. In many cases the coal has become “croppy” by long 

exposure, and can no longer go into market as first-class fuel. 
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The coal has great value on the western side of these properties. 
On Lost Run it shows a thickness of 12 feet. 

The only remaining mine to be considered in this division is that 
formerly known as J. 8. Doe & Co.’s mine but now known as Mine 
No. 9, of the syndicate. It is opened on the Lancaster and Straitsville 
Mining Company’s lands. The coal is here at its western outcrop, 
lying in the hill-tops with small area and light and treacherous cover. 

The structure is shown in the appended figure: 
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Two analyses of this coal were made for the survey, the seam 
being in one case sampled from a room, and in the other from 
the bank cars. The results are shown below: 

Coal of Mine No. 9, (J. 8. Doe & Co.) (Lord). 


1.—Sampled from seam. 
2.—Sampled from bank cars. 
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These figures show a coal of great excellence; its reputation in 
market bears out the analysis. 


3. THe Monpay CREEK DISTRICT. 


This district embraces all the coal lands and coal mines of the 
great seam in Monday Creek township, the furnace mine in Gore town- 
ship, all the coal in Green, all in Ward township, except Section 19, 
the west line of sections of Trimble, and‘as much of York and Dover 
townships as is included in the Monday Creek and Snow Fork Val- 
leys. Ward township is the heart of the district, and thus it may be 
counted the heart of the Hocking Valley. In the northern portion 
of the district the coal holds very nearly the thickness but not the 
strength and hardness of the Straitsville coal, but in much the greater 
part of the area named the coal falls decidedly below the Shawnee and 
Straitsville coal in measurement. The decrease is wholly in the top 

_ coal or the supplementary seam, and to this fact is due the improvement 
in chemical quality which is to be noted here, and to it also is due the 
loss of strength or hardness in the coal. It has already been made 
apparent that the upper coal always decreases the fixed carbon and in- 
creases the ash of the seam when it is counted in, and it is also true 
that it always yields the firmest and strongest coal. 

The coal of the Monday Creek district ranges, as a rule, between 
64 and 8% feet in thickness, of which about 4 feet belong to the two 
lower benches. The third bench, which ig the highest of the normal 
seam, yields merchantable coal in a number of mines, although the same 
tendency to poor quality that is found in other portions of the field 
frequently shows itself here. It would, no doubt, be better for the 
standing of the coal if this piece of coal were always rejected. The 
supplementary seam almost always carries some waste matter, generally, 
in the shape of a layer of horn coal or cannel. In one or two mine, 
this cannel becomes merchantable. The roof coal is uncertain in 
quality, and a part of it is often left in the mine. From some rooms of 

a mine it can be safely taken, while from others all must be rejected. 

Considered with reference to both quality and quantity, the Mon- 
day Creek district constitutes the best part of the Hocking Valley Coal 
Field. It yields a better coal than Straitsville or Shawnee produces, 
so far as chemical constitution goes, for the reason already given that 
there is in it less of the top coal. It does not bear handling as well as 
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those coals, however, and there is less of it to the acre. While it is not 
superior in quality to the Nelsonville coal, it still outranks it in value, 
because there is more of it. 

Fifteen well-equipped mines are now established in the district. 
Four or five of them that are at work upon outliers of the coal in 
Monday Creek and Green townships are near their limits, but most of 
the mines are at the edge of what seems one of the largest bodies of 
unbroken coal in the entire field. : 


The Baird Furnace Mines. 


The Furnace mine is located in the largest of the outliers of the 
great seam in Monday Creek township, in Sections 11 and 14. There 
are nine of these outliers that occupy as many of the separate hill-tops 
and ridges of the township, but their combined acreage is small. The 
Furnace tract originally comprised about 50 acres of coal, but of this 
amount at least a fifth has already been mined. Winona Furnace owns 
the coal of the second largest outlier of the township, located in Sections 
14 and 15. There was originally about 20 acres of the coal, and of it 
more than half has been already mined. 

A small tract of 4 or 5 acres on the Bowman (formerly the Folsom 
farm), in Section 10, has been worked in a small way. | 

The coal of these several outliers is represented in the following 
sections : 
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FIGURE CYL 
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The next exposures of the seam to the north of those here named 
contain the normal seam only. The change from thin coal to thick can 
be well traced in this township, and it agrees entirely with the mode of 
change reported from the other portions of the field. Et consists in the 
superposing of a new coal seam upon the normal seam, but the latter 
is often slightly augmented in volume and somewhat improved in 
character when it is thus covered. The Baird mine must be very near 
the line of division if, indeed, this line is not to be found withm the 
limits of the furnace property. The warrant for expecting the change 
very soon is found in the following section, Fig. CV, which was taken 
in one of the entries of the Furnace mine at its northernmost extension: 


FIEURE Cy 
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By comparing this section with Fig. XCVII, it will be seen that 
the same state of things is found here that has been already described 
in the New York mines of Shawnee. A layer of shale, 12 inches thick, 
is found between the normal and the supplemental seams. In Fig. 
CIV the same parting is seen, but only one inch in thickness. Going 
northward, the upper coal is rapidly reduced, and will very soon’ 
entirely disappear. The seam is mined by G. Martzloff, on Section 2, 
Monday Creek township, about 1 mile north of the Furnace mine. At 
this point it has the structure shown below: 
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But little beside the normal seam is worked in the furnace mine. 
The roof coal, to the extent of one or two feet, is not taken down, and 
at the outside not more than 18 or 20 inches of the supplemental seam 
is found available for furnace use. \ 

This body of coal has a historic interest from the fact that it was 
the first of the Hocking Valley to be applied to iron manufacture. The 
¢uccessful manufacture of iron from the native ‘“limestone (or Baird) 
ore” with this coal as the sole fuel, which was begun here in 1874, by’ 
Mr. Samuel Baird, now deceased, is one of the important points in. the’ 
development of this field. The great seam was proved to be one of the’ 
few bituminous coals of the country that can be successfully used in its 
natural state in iron manufacture, and since that time the development 
of this important interest has been very rapid. There are 13 furnace 
stacks now in the field that make the Hocking Valley coal their sole 
reliance for fuel. 
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The remaining outliers of the great coal of Monday Creek town- 
ship agree exactly with those already described. All are u ranging 
from 1 to 5 acres. 

- A single important outlier remains to be described in Gore town- 
ship. It is located in Section 35, and the furnace mine of the Thomas 
Iron Works is established in it. The original area of the coal was about 
120 acres. The first coal of the region successfully used in a blast 
furnace was the Baird coal, as has been already stated. This occupies 
an outlier, lying high and dry in the hill-top. It seems to have been 
held that these outliers were in some way best adapted to iron manu- 
facture, as the mines of three furnaces are located in similar outliers . 
along this western outcrop of the great scam. Analysis of the coal does 
not show any adequate ground for such selection. 

In Green township there are found 7 outliers of the coal, together 
with the large body, also an outlier, that is situated between the Mon- 
day Creek and Hocking River Valleys. 

Four of the smaller areas are tributary to the Craft’s Furnace Mine, 
No. 13, C.& H.C. & I. Co. They are situated in Sections 11, 12 and 
5, and are already worked far towards exhaustion. Lying high in the 
hills, the cover of the coal is poor, and a great amount of timber is 
required to keep up the roof. There is more than the usual danger in 
mining here. 

The structure of the seam in these outliers is shown in the follow- 
ing figure: | 
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This figure needs no explanation, as it agrees closely with those 
taken from the fields to the eastward. The coal has proved itself a 
satisfactory furnace fuel in all respects. 

The main body of coal of this seam, in Green township, is that 
which belongs to Peter Hayden. It occupies Sections 1 and 2 entirely, 
and parts of 3, 7 and 8. The coal is carried out on the Hocking river 
side, a mine locomotive running under the entire hill. This property 
has yielded a vast amount of coal, having a larger acreage worked out 
than any other in the field. The section of the seam on the Sunday- 
Creek side is shown in the accompanying diagram : 


FIGURE ¢X 
STRUCTURE OF COAL AT HAYDEN’S 
MINE, EAST OR MONDAY giant SIDE. 





The seam has undergone a change, as will be seen in the interval 
now passed. The lower bench is reduced to 10 inches, and the whole 
seam has fallen to about 5 feet of coal. 

The coal of Ward township has already been referred to ar in 
some respects the most valuable body of coal included in any single 
township of the Hocking Valley. There are eight mines now in 
operation in it, and their output covers much of the choicest coal that 
goes out of the field. The first to be reached in descending the valley 
are the three mines of Sand Run and the Carbon Hill Mine. One of 
the Sand Run Mines and the Carbon Hill Mines, both formerly known 
as the Somers Mines, now belong to the Columbus and Hocking Coal 
and Iron Company, being known respectively as Nos. 15 and 17. The 
two remaining Sand Run Mines belong respectively to Sackett and 
Smart and the Consolidated Coal Company. 

The Somers Mine, on Sand Run, shows the A ROUOWANE structure of 
the coal. (Mine No. 15): | 
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FiGURE rx 
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A peculiarity of this mine is, that the 10-inch cannel is a market- 
able coal. It yields about 10 per cent. of ash, but burns cheerfully, 
and makes in some respects a desirable grate fuel. If a careful 
selection is maintained, a good quality can be assured, but part of the 
bench is long-grained and high in ash, degenerating into slate. Per- 
manent market is not yet assured for this part of the seam. 

The Sand Run coal ranges from 7 to 9% feet. On the Carbon Hill 
side, the seam does not often overrun 74 feet. 

The structure of the Carbon Hill seam is represented in the 
following figure. (Mine No. 17): 
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The great value of the coal in this portion of the field is, in part, 
due to the fact that the two lower benches are so fully developed here, 
their aggregate thickness equaling, or slightly exceeding, 4 feet. The 
composition of the Carbon Hill coal is shown in the following 
analysis : 


Coal of Carbon Hill Mine. (Lord). 


MOiIStULC .......c0:scvccccccccccccccccscesccecccees ccvceecceccecessccasensenecesespecccecescces 5.26 
Volatile combustible matter ..........ccccccccccocsccsscsccsccccccce cocvecsce nonnannene 86.12 
Fixed carbon .....ccccccccccccscccce: coccccccevcccsevecccccccccecescecsccces suennunne covers „ 64.59 
ASD .....c.sorcsccscsescesesseccnscances sense ssssssssssescessersncoosses sengseseneeseoeoosseeans 4.03 

Total .....-scccccccccccccccccccccccceccecccnccvcccccccscees ccccces cocves cesses ceseccoes „ 100.00 
Sulphur ........cssessecsccescecccccccaccsssvcccececs scsecsens sannenusn cosvecoes covenceee secees 64 


There is but very little coal in Ohio that is better than this. 

The Consolidated Coal Company’s mine on Sand Run is mining 
84 per cent. of its coal at present by machines. The Butler or Harri- 
son machine is used here with great satisfaction. This mine commands 
the coal of 180 acres, and is of exactly the same quality as that last 
described. The coal is at long intervals cut by clay veins, and the 
roof rock sometimes comes down into the coal, but no very serious 
interruptions have yet been encountered. The use of the drill in 
proving territory in front of trouble in the seam, is coming into 
general use. The drill isa much less expensive tool with which to 
explore than the miner’s pick. 

Sackett and Smart’s old mine proved very faulty, the coal being 
cut down and out through so much of it as to make the mining un- 
certain and unprofitable. This company has a new lease, just beyond 
the old Somers mine, and the drill shows 9 feet of coal, including the 
cannel, in that direction. The coal is entirely represented by that of 
the Somers mine. 

Longstreth’s Mine, now No. 19, of the syndicate, is in the same 
noble body of coal that is now being considered. Five Lechner 
mining machines are in operation here, and have been from the opening 
of the mine. The mine ranks amongst the largest, as well as the best, 
of the Hocking Valley. The structure and composition of the coal 
are represented in the preceding figure and analysis, the coal being 
continuous and identical with that of the mines before named. The 
composition is given on a succeeding page. 
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The Monday Creek Furnace mine belongs to the same portion of 
the field, as does also the well-known Cawthorn farm. The coal has 
been mined on a small scale on the last-named property, and maintains 
the same high character that marks the rest of the Monday Creek 
coal. . 

The next mines to be reached are those of the Akron Iron Con- 
pany, now Nos. 21, 23, 25 and 27 of the Columbus and Hocking Coal 
and Iron Company. The first three are drift mines; No. 27 is a shaft 
mine. No. 25 embraces in reality two mines, the Upper Freeport seam 
being mined directly above the great seam, the coal being delivered by 
the same chute. 

The structure of the seam in the Furnace Mine, No. 21, is shown 
in the following figure: 


FLGURE CX\ 
STRUCTURE OF COAL AT AKRON FURNACE 
MINE N82t 
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This figure fairly represents the seam throughout this immediate 
district, though the top coal is sometimes found a little thicker than is 
here shown, but no great value is added by its increased volume. 
About 6 feet of clean coal are found here, and of this the two lower 
benches form nearly two-thirds. It is their relative predominance in 
the output that gives to this coal its high character. Its composition 
is shown in the appended table. 

As was said of the last analysis reported, viz., that of the Carbon 
Hill mine, there is but very little better coal in Ohio than this. The 
close agreement of these analyses and that of the coal of J. 8. Doe & 
Co.’s mine, given on page 957, is to be observed. The last-named 
mine belongs in reality to the same tract with the former. 








/ 
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1. Coal of Akron Furnace Mine (Lord). 
2. Caal of Longstreth’s Mine (Lord). 





For convenieut comparison, the analysis Doe’s Coal will be here 
repeated : 


1. J. S. Doe & Co.’s Mine, average of two analyses, No. 9, C. & H. C. & I. Co. 
2. J. H. Somers’ Mine, No. 17, C.& H.C. & I. Co. Lord. 
8. Akron Furnace Mine, No. 21, C.& H.C. & 1. Co. Lord. 


N 2 8 
Moisture ......... cccccccs cccccccccccccccccccccsccns secccnccescosccees 6.84 D, 5.68 
Volatile combustible matter ............cccsccssssesscvcceces 85.66 86.12 85.79 
Fixed carbon ......cccccccescccccccsccccccccns cocsscce. nennen nenne 52.18 54.59 54.18 
BBD. oo. cccccs ccccccnes concceccecerscccevevecesvenuccesssessecscesseccess 5.21 4.08 4,40 
Total .......ccccsceccccccescsccce ccsccccccccssccscccccecccvecess 100.00 100.00 100.00 
Sul phar ..........0.sscsscconscvscccveoversccseccessesesensccessecne 0.91 0.64 0.58 





These analyses, made from a differential and thorough sampling of 
the seam, in mines 10 miles apart, show the Monday Creek district to 
be the heart of the Hocking Valley coal field, as has been already 
claimed for it. The seam here reaches its highest value, if both quality 
and quantity are taken into account. In percentage of sulphur, the 
Monday Creek coal stands decidedly in advance of the other coals of 
the State. It does not quite equal some other Ohio coals in fixed car- 
bon. In ash, J. 8. Doe’s coal runs higher than the rest, solely on 
account of the greater thickness of top coal in this mine. 

The mines of Akron Furnace belong in the valley of Snow Fork, 
rather than in the Monday Creek Valley, but the former district is in- 
cluded, in this review, in the Monday Creek field. 

The Snow Fork Valley, above Buchtel, contains two mines in the 
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Hocking; Valley seam, viz., the Orbiston mine, connected with Helen 
Furnace, and the Murray City mine. The seam lies not far above the 
level of the water between Murray City and Buchtel. At the former 
place it is partly below drainage. The Lower Freeport sandstone is in 
strong force through the entire valley, and lies heavy upon the coal in 
a great many exposures, reducing its upper benches and also affecting 
the quality of the coal below, to some extent. Still the evil effects of 
the sandstone do not prove as serious as they were thought to be before 
mining was begun here. 


Murray Oily Mine. 


The Murray City mine was opened by Gosline and Barber in 
1883, but was soon after sold to the Columbus and Hocking Coal and 
Iron Company, by whom it is now held and worked. It is well 
equipped and well regulated in all respects, second to none iu the 
valley as to convenience and economy in handling the coal. It was 
here that the Mitchell automatic tipple was introduced. The coal is 
reached by a short slope, cut in the solid sandstone. The entries run 
very nearly on the ends of the coal. The hauling is done by an endless 
wire cable, which now extends 1,300 feet from the mouth. At the 
present time the mine is capable of producing 40 cars per day. 


A little water gathers at the foot of the slope, but the dip of 
the workings is such as to make the drainage thus far a simple prob- 
lem. Though wet at first, all parts of the mine are now furnishing. 
dry and safe working places. The miners find it fully equal to any 
part of the field so far as ease in getting coal is concerned. They can 
easily maintain a daily output of 3 or 3% tons to the man. 

The coal mines large, but is a little inferior in strength to the coal 
of Straitsville and Shawnee, on account of its smaller proportion of top 
coal. It is, however, well esteemed fur the lake trade. 

Only one clay vein has yet been struck in the entire workings of 
the mine, and the coal has never oeen cut below 6 feet by the sand- 
stone, so that, as far as proved, this body of coal takes rank with 
the best in steadiness and favorable conditions. 

The coal falls considerable below the Straitsville measure. The 
section is as follows: 
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Lower Freeport sandstone, massive. 


Roof shales, UNCeErtain.......0.-.secrcsccecscececess 0-6 feet. inches. 
Rider coal, coarse and sulphurous, rejected ........... 2m “ 
Cannel bench, generally coarse, rejected ............... 12-15 “ 
Upper slate ......ccsasosounsennnensouunensennnonsnnnnnurnannasennnse 4 * 
Upper bench.... ....c..cssce sennnnssnnusuononnnnnnsnensnanrennenen 80-40 “ 
Second slate ........scsccccsccvscccscee cocccscescscccccereesonces . 2-4 “ 
Coa. 4 Middle DONCD.........ccscccccsecsccsecsscccce scenes senses secsceces 21 “ 
First S1ate.......cccoscecssescccsccncccs nennesnnuenunnane sescesseecs 1 “ 
Lower bench...... ...esszensnonsonenennenennnne unse nunsnemenenennen ‚2 “ 


The thiokness of the mineable part of the seam is thus seen to 
range between 6 and 7 feet. As usual, a band of about 6 inches 
directly above the second slate needs to be rejected. This portion is 
here not only soft, but is also whitened with sulphates. No account 
whatever is made of the upper portions of the seam. The cannel is 
in a few places curly and clear, but generally it is very coarse and 
‘slaty. The rider seam is also altogether worthless. 

The Helen Furnace mine at Orbiston does not thus far come quite 
up to the best records of the valley. The sandstone has proved intru- 
sive in many of the workings, cutting down the coal to 5 or 5% feet. 
‘There is, however, a large acreage on this property where the coal is 
undoubtedly of standard proportions and quality. 


4. Tur NELSONVILLE DISTRICT. 


Under this head a brief account will be given of the remaining 
mines of the Hocking Valley field. A few of these are in reality 
located in the Monday Creek Valley, but their coal comes from the 
same body that has been so long worked and so widely known as the 
Nelsonville coal. In some cases the entries of the Nelsonville mines 
have been driven through the hill to Monday Creek Valley, and the 
works established in the latter are merely removing the coal more con- 
veniently than by the original entries. The number of separate mines 
in this district is larger than in the previously named divisions of the 
field. Not less than 20 mines are equipped as shipping banké, but some 
of them have but a small output. The leading mines of the district 
are the following: 


The Lick Run Mines. The Longstreth Mine (C. & H. C.& I. Co.) 
The Laure! Hill Mine. The Brier Hill Mine. 

W. B. Brooks & Sons’ Mines. . The L. D. Mine. 

©. L. Poston & Co.’s Mine. The Floodwood Mines. 


The Nelsonville Mining Co.’s Mine. The Hamley Run Mine, 
Johnson Bros. & Patterson’s Mine. 
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These mines are all located in New York and Dover townships, 
Athens county, with the exception of one of W. B. Brooks & Sons’ 
mines, which is in Ward township. 

‘From Haydenville to Floodwood the coal has been cut out by 
the erosive action of the Hocking river. The area from which the coal 
has disappeared varies between one and two miles in breadth through- 
out this interval. 

Most of the mines named above are on the east or Nelsonville side 
of the river, but several are worked on the western side. The cosl 


throughout the field is, however, quite uniform. Every large mine will 
show rooms or sections of slightly lower quality than the rest, but the 
averages of all of the principal mines agree quite closely with each 
other. More depends on the care with which the coal is mined and 
prepared for market than upon the mine from which the coal comes. 

The Nelsonville district was the first portion of the Hocking 
Valley coal field in which mining on a large scale was undertaken, and 
it consequently has advanced further toward exhaustion than any other 
district. The territory nearest the town has already lost almost all of 
its coal. The bad system of mining that prevailed in the earliear days 
led to much needless loss. 

The admirable character of this coal as a domestic and steam fuel 
is so well known that no detailed statements in regard to it are called 
for here. Nor will it be necessary to describe all of the mines in detail. 
One will be taken from the east side of the river and one from the west, 
_and the main statement will be given in connection with these. 

The well-known mines of W. B. Brooks & Son, in Section 19, 
Ward township, are selected to represent the eastern side, and the 
new mine of Johnson Brothers and Patterson the western side. 

The section and structure of the seam in Brooks’s Snake Hollow 
mine are shown in the appended figure. 

The seption, as here figured, represents the seam in full and normal 
development, but it is found in only a part of the mine.. The upper 
portion has been cut away as far down as the bone coal in perhaps half 
of the territory already worked, especially in the north-western parts of 
the mine. In a few instances the upper bench of the coal has suffered 
a little, but it rarely falls below 2 feet. The roof is much better when 
the full section is found than when the top has been cut away and 
replaced. In the latter case the shales that come in are slippery and 
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MGURE CAL 


STRUCTURE OF NELSONVILLE COAL IN 
THE SNAKE HALLOW MINE OF 
wWw.B.BROOKS & SON. 
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treacherous to some extent, often falling to the sandstone, but the roof 
that they form is, after all, somewhat better that it looks. In the 
normal seam the thin layer of bone coal that comes in above the upper 
bench makes an excellent roof. The coal splits naturally at this point, 
and the bone coal, with the black slate above it, is strong and unaffected 
by the air. 

As usual in the seam, there is a band of soft coal directly over the 
second slate. Aside from its friable nature this band is not especially 
objectionable, but the character of the output would be improved if 2 
to 4 inches were split off from the upper bench. When sent out, as it 
generally is, it mainly turns to slack before it reaches the consumer. 

The coal cuts easily. Faces are remarkably bright and regular. 
The end joints or cutters divide the coal into blocks 8 to 12 inches in 
thickness, The direction of the face is about 10° east of north. 

Irregularities in the coal itself are very rare. A single clay 
vein in the present workings cuts across 2 entries, in a north-easterly 
direction, but, as a whole, the coal is undisturbed and regular. 

The fire-clay on which the coal rests is unusually thick. It isa 


~ 
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soft, plastic clay, but it makes a good and safe floor when properly 
drained. If water is allowed to stand in entries, the clay soon softens 
and rises. | 

While the normal dip of the seam is maintained, there are local 
pitches to the northward that confuse the drainage to some extent. The 
matter of drainage is effected in this mine in an unusual way. Mr. 
Jobn Wallace, the engineer, has invented and patented an automatic 
pump, that for simplicity of plan and efficiency of execution, deserves the 
highest praise. It isin reality a very valuable contribution to mining 
engineering. 

The coal is brought through the front hills of the Hocking Valley 
which are now mainly exhausted, by a mine locomotive. 

The mine is worked on a single entry plan, which has thus far 
mainly prevailed in the Hocking Valley. The seam lies so high that 
it is comparatively easy to drive entries through to day and thas a 
natural circulation is secured, which, though inconstant and somewhat 
inadequate, obviates the necessity of a thorough-going artificial system 
of ventilation. The coal is worked altogether on face and ends. Rooms 
are 24 or 25 feet wide, and 75 to 100 yarde deep. Ribs between the 
rooms are left but 4 feet wide, and not much effort is made to draw 
them. A little coal is sometimes saved from them, but about 14 per 
cent. of the seam can be counted as sacrificed in this one item. The 
entry pillars are about 30 feet thick. 

The Butler mining machine is in use in this mine, and gives ample 
satisfaction. The Company rents the machines to competent and respon- 
sible miners, who take a contract to deliver the coal. The contracting 
miner pays the company 20 cents per ton for the use of the machine, 
with 70 cents mining rate. He sub-lets the loading and delivery of the 
coal at 17 cents per ton, and employs two day-hands to work with him- 
self at the machine. The machine miners, under these conditions, find 
themselves better paid than they would be by the use of pick and drill. 
The problem of machine mining is considered to be best solved in this 
way under present conditions of the valley. 

The Brooks mine has always been under energetic and efficient 
management as to amount of coal sent out. Its present normal output 
is from 50 to 60 cars per day. It has loaded 93 cars in a single day. 
This record places it well to the front among Ohio mines. 

The composition of the coal of the Brooks mine is given below, 
the 3 benches being sampled and analyzed separately : 
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W. B. Brooks & Sons’ Coal, Section 19, Ward Township (Lord). 


1. Bottom bench. 8. Top bench. . 
2. Middle bench. 4. Average of the three. 








Moisture ...euneoosonoannonsonnsnnsnnssonenonnennnsuennneen nenne 1.24 6.77 5.88 | 6.61 
Volatile combustible matter .........0ssccrssrseseceees 84.78 | 87.81 87.12 | 36.40 
Fixed carbon ..........cccccsccsvecccesscersccescceecesescenees 56.09 | 54.18 | 5225 | 64.17 
ASD ı WURRFPREPEPFERFEFPFETPFEEPFEPFFEEPFRERROPEREPEUPERFERFELPRRRERE 1.89 1.74 4.80 2.81 

Total ......ccccoccccscrcsscerccscccsce sessees concseencosens 100.00 | 100.00 | 100.00 | 99.99 
Sulphur ......sccccccocccsecccnscsscescosseccesser soccer seseenecs 0.54 0.51 0.50 0.52 


These are remarkable results for Ohio coals. In particular, the 
middle bench of the seam shows here its highest quality, but even the top 
coal, which is the poorest of this seam, as usual, is better than the 
best coal of many well approved fields. The results are somewhat more 
favorable than would be obtained from an impartial sampling of the 
coal from the railroad cars, as more or less slate finds its way into the 
product, none of which is taken in sampling the seam in the mine. 

These statements show with sufficient details the general character 
of the coal and the methods of mining employed in the Nelsonville 
field. The seam is seen to be a 3-hench coal, measuring, with its slates, 
fully 6 feet in thickness, and sometimes yielding 6 feet of clean coal. 

It now appears probable that this seam, as worked in the Nelson- 
ville field is, in reality, the original or normal Middle Kittanning seam, 
here scoring its highest mark, both as to volume and quality. The 
Hocking Valley supplement, according to this interpretation, lends no 
value whatever to the field, except in the minor point of giving a good 
rouf to the lower coal. 

The coal has been extensively worked at Nelsonville, and in its 
vicinity, for 30 years. For the last ten years the product of the mines 
has been large. The front hills are already exhausted, as has been 
already-stated. The mine just described, though shipping its coal by 
the main line of the Hocking Valley Railroad, belongs, in reality, to 
the Monday Creek side, the coal being brought through the hill. 

The next mine, on the east side of the river, is the Nelsonville 
Coal Company’s mine. It lies almost in the center of the corporation 
of Nelsonville. The present owners are Lama and Doane. Its output 
is comparatively small, 6 to 8 cars being about what it can easily and 
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regularly send out. The coal agrees in general character with the 
seam as already described. 


The mine of Poston and Company, which is next reached, is one 
of the oldest and best known of the field. Many of the descriptions 
already given apply to this property. It is, in fact, a piece of the same 
body of coal as that in which Brooks’ mine is opened, but the quality 
falls below the analyses quoted. The mine has a capacity of about 25 
cars per day. It has a long haul for its present production, and makes 
use of a mine locomotive in going through the hill. An analysis of 
the coal will be found on a subsequent page. 


Longstreth’s old mine comes next in order. This property is 
mainly worked out on the Hocking Valley side, and operations are 
suspended at the original works. The entries have been driven through 
to Monday Creek, and a large mine is operating there on the remainder 
of the coal. This mine is known as the Big Brier Hill Mine, or as 
No. 31, of the Columbus and Hocking Coal and Iron Company. It 
has a capacity of about 40 cars per day. 

A little above it, in the Monday Creek Valley, is the Little Brier 
Hill Mine, of Ricketts and Matthews. An analysis of the coal from 
this mine will be given on a subsequent page. 

Returning to the Hocking Valley again, we find the small mine 
of Hall and Dresback, No. 39, of the Columbus and Hocking Coal and 
Iron Company, working out a small block of coal belonging to the old 
‘Longstreth property. The mine is equipped to produce 6 or 8 tons 
per day. 

In the point of the hill that separates the valleys of the river and 
Monday Creek, near their junction, is situated the Maple Hill mine of 
W. A. Shoemaker & Co. It has a capacity of about 25 cars per day. 

The coal was mined in this hill for many years before the railroad 
was built, finding its way to market by the canal. The old workings 
were wholly lacking in system, and have left the coal in bad shape, as 
is found by present workings. In addition to this fact, the seam itself 
is considerably troubled and somewhat reduced at this point. The 
main entry of the present mine is in faulty coal for several hundred 
yards, and in the rooms the lower bench is often found reduced to 14 
or 15 inches, and the middle bench to less than 2 feet. The seam will 
not yield more than 5 feet of clean coal on the average. The quality 


HOCKING VALLEY COAL FIELD 975 


of the output, however, seems to be kept up fairly well,Zaside from a 
considerable increase in sulphur. 

The main interruptions come from clay veins, which disturb the 
coal of a considerable territory in the southern parts of Sections 11 
and 17. In fact, an east and west line through this territory leaves the . 
steady and unbroken portions of the seam to the northward. 

A little beyond Maple Hill Mine, on the Monday Creek branch of 
the railroad, the small mine of Juniper Brothers is located. The seam 
is found here of its normal measure and quality. The capacity of the 
mine is 10-12 cars daily, 

Throughout this field the rider seam of the Hocking Valley 
supplement is often found, but never mined. It is seldom more than 
2 feet thick, and generally much less. It is 2 to 4 feet above the top 
of the true seam. The composition of the Nelsonville coal will be shown 
in the table of analyses that follow: 


Analyses of Nelsonville Coal. (Lord). 




















1. Poston & Uo.’s Mine. Sampled from seam by C. L. Brown. 

2. Little Brier Hill Coal. Lower bench. Sampled by C. L. Brown. 

3. Little Brier Hill Coal. Middle bench. Sampled by ©. L. Brown. 

4. Little Brier Hill Coal. Upper bench. Sampled by ©. L. Brown. 

6. Little Brier Hill Coal. Average of 2, 3 and'4. 

6. Little Brier Hill Coal. Rider seam. 

5. 6 
Moisture ........cecccccevscveces saeeres . . . 5.64 8.03 
Volatile combustible matter..... 87.77 . . 86.41 | 43.75 
ixed CAPDON........ ceeee csseecseess 51.99 | 58.43 . 52.21 | 40.14 

ver konn nesonnasnnansnansnnensnsunnene 5.78 | 12.48 

Total.....c.cccceceseccccscscccrseones 100.00 | 100.00 | 100.00 | 99.99 | 100.00 
Sulphur ...........csccceescecsscccceeres 1.94 1.14 1.68 1.57 4.86 





These figures explain themselves. The chief feature is the in- 
crease of sulphur in coming southward from Ward township, and west- 
ward from Monday Creek. This element is by no means in excess for 
Ohio coals, but it is 2 or 3 times as large as is shown in the chief mines 
of the valley. 

On the west side of the river, the following shipping mines are 
found, viz. : 
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Lick Run—Approximate capacity, 15-20 cars per day. 

Laurel Hill— Approximate capacity, 10 cars per day. 

Johnson Brothers and Patterson—50 cars per day. 

L. Steenrod’s Mine, No. 41, Columbus and Hocking Coal and Iron Company, 
15 cars per day. 

Haybron Brothers’ Mine, No. 89, Oolumbus and Hocking Ooal and Iron 
Company, 5 cars. 

Old Floodwood Mine—B. B. Sheffield. 

Hamley’s Run Mine. 


In addition, the New Floodwood Mine, on the east side of the 
river, is now fully equipped for mining and shipping on the large scale, 
but as yet it has done but little. It is a part of the property of the 
late Buchtel Iron Company. 

Of the mines in this list, that of Johnson Brothers and Patter- 
son will almost equal the combined capacity of the rest. It has 
shipped, in fact, 107 cars of coal, containing 1710 tons, in one day. 
This is the largest amount yet handled by an Obio mine in a single 
day. 

This mine will be first described. It is located in Section 24, 
directly opposite Nelsonville, in what is known as Saltwell Hollow. 

The structure of the coal in the northern portion of the mine is 
shown below. This represents much the larger part of the area already 
worked. The later workings, however, are less favorable : 


FIGURE CGXVI 


STRUCTURE OF NELSURVILLE COAL. 
JOSBNSON BROS. FATTERSONS MINE. 







Upper banoh - - - — 
Middle Stata. 
Middle bench — _ — —_ __ 


' Lower BSlata________ 
Lower herırh ___ —_ _ _. 


In the entries, running south toward Meeker’s Run, through the 
second hill, the seam is lower. The top bench is sometimes entirely 
cut out, but generally 8 to 10 inches of it are left. This reduces the 
seam to 34—44 feet in thickness. Its structure is shown below: 
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FIGURE CXVA-A 


STRUCTURE ORNELSONVILLE COAL 
JOHNSONEBROZ.ELFATTERSONSMINE, 


Upper bench- — ---- _ _ 
Middis Sladte______ — — lh 
Middle banch___ — — — _- | aye? 
Lower Slate. —— —_ _- — 


Lower bench____- i ee 






A like condition exists in the entries running westward. Little 
of value is found in the seam above the second slate. There is reason 
to expect that the seam will regain its normal volume before it is 
followed very far, in either direction, inasmuch as it is known to be of 
full measure in advance, but the reduction bears hard upon the present 
mining property. When the seam is thus cut down at the top, its 
average composition is improved thereby, all of the coal being below 
the second slate. 

This body of coal is more disturbed by clay veins than the coal 
of most mines of the district, but no single one produces any great 
drawback or interruption. Its composition is shown in the following 
analysis. The analysis of Steenrod’s coal, the next mine to the south, 
is also given in the same table: 


Analyses of Nelsonville Coal. (Lord). | 


1. Johnson Brothers and Patterson’s Mine. 
2. Steenrod’s Mine, No. 41, Columbus and Hocking Coal and Iron Company, 
sampled from seam by ©. L. Brown. 





These figures show a good coal, fully up to the ordinary type of 
62 G. 
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the Nelsonville coal, but not reaching quite the degree of excellence 
that is found in some portions of the valley. 

The Steenrod Mine in Section 17, directly opposite the old Long- 
streth mine, carries in its best portions fully 6 feet of coal, the benches 
measuring 20, 24 and 26 inches, respectively, from the bottom up, 
but the quality of the output would be slightly improved if 2 to 4 
inches were rejected from the bottom of the upper bench, this 
being the place of the soft coal so often ‘referred to. A streak of 
bone coal is often found next to the roof. The rider seam is found 
in but a small portion of the worked area. Where shown, it is 
not more than 6 inches thick, and it lies about 2 feet above the 
upper bench of the main coal. The roof of the mine is best when 
the rider seam is present. When absent, the roof appears very 
threatening and dangerous, by reason of the “slips” that characterize 
it, but the masses of shale that are disposed to fall generally come 
with the coal, and therefore give the miners but little uneasiness. 
In other words, the roof, even in its poorest phases, is much better 
than it seems. 

The coal is stained for 125 yards from the outcrop, the seam yielding 
here peacock coal, but this mark is rather an advantage than a disad- 
vantage in market. 

On the southern side of this mine also, there is a notable reduction 
of the coal over quite an area. The entire top bench is lost for 40 or 
50 yards of entry, and, in rare distances, the second slate is cut away, 
leaving the middle bench to be trenched upon. The extensive erosion 
to which the great seam has been subjected in the Hocking Valley, in 
comparatively few instances cuts below the second slate. This part 
of the seam appears to have acquired full strength and hardness early. 

The coal of this mine comes out in large blocks, and has a good 
name in the markets which it reaches. 

‘ Two mines that lie north-west of Nelsonville and on the west bank 
of the river have been omitted from their natural order in this review, 
viz., Lick Run and; Laurel Hill. They are both established in the 
northern outcrop of the great seam, and thus lie high in the hills. They 
are located in Sections 33 and 35, York township, respectively. The 
coal is not at its highest mark in this area, and some unusual disad- 
vantages have attended the working of the first-named of theee mines, 
but with proper facilities for handling the coal, better results are to be 
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looked for. The Lick Run mine has lately passed into the hands of 
W. P. Rend & Co., on a long lease. 

South of Meeker’s Run and west of the river the seam rarely 
yields more than 5 feet of clean coal, and it is found increasingly 
liable to trouble in this direction. There are many fine bodies of coal 
that will give a long and prosperous life to the mines established and 
to be established in them, but the sandstone is much more apt to 
descend, and thus reduce and deteriorate the coal than in the northern 
portions of the field. In the vicinity of Floodwood, on both sides of 
the river, a good deal of harm has been wrought to the seam in this 
way, and still large and valuable bodies are intact. 

Figure CX, which follows, shows the structure of the coal in the 
New Floodwood mine on the east side of the river. This mine was 
opened to supply the furnaces that have lately been built here, but, as 
they have not been put in blast, a small output has gone forward to the 
general market. The coal is reached by a shaft of about 30 feet. 


FIGURE 


- STRUCTURE OF NELSONVILLE Ben! 
HOCKING COAL &IRON 
FLOODWOGD MINE,— AT DEN AEe: 
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Coal-upper bench_ — — — — 
Gnd lates... en 


Coal-upper 4mches bony. — — | 
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Coal—bottam hench_ — — - — E 


The structure represented is the average of the measurements 
im three rooms and one entry, as furnished by Mr. J. H. Mullins, 
manager. The coal appears to show a different distribution between 
the two lower benches from that which generally obtains. This mine, 
as far as worked, has been found subject to considerable irregularities. 
The coal runs down at the top, through the intrusion of sandstone. 
The removal of the whole of the top bench is not unusual in the main 
entry as far as it has been driven. No fault can be found with the 
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quality of the coal thus far produced. Being derived largely from the 
two lower benches, it shows itself a strong and excellent fuel. 

Hamley’s Run mine is located in Section 32, Dover township. It 
is owned by H. C. Will & Co. The coal here lies about 60 feet below 
the surface, and is reached by a shaft. In thickness it will average 
about 5 feet. It suffers considerably from the descent of the sandstone, 
as does all of the coal of this part of the field. Clay veins are not 
found here, all of the trouble coming from the roof. In places the coal 
is cut away to below the second bench, but this happens rarely. The 
erosion generally terminated before the second slate was reached. 

The supplementary seam, as shown in this mine, has a thickness of 
14 inches, the lower 6 inches being a bone coal, which makes the roof 
of the rooms in which the coal is normal. Above the bone there is 
an 8-inch seam of a coarse and unmarketable coal. 

A sulphur band, | to 2 inches thick, lies at the bottom of the seam 
in some parts of the mine. The division of the seam is as follows: 


Roof coal—Rider seam, not taken.................. deese neces ceecececececers 8 inches. 
Bone—Roof Of roOmB ......ccsscesccossccsccsccsovsces nennen coscsesees 6 ei 

Top bench.....eesersessssnsenonsanaosoonansnnnnenennannnenosennssunnsnen sressecssesees 77 Ge 
Lower 6 inches, rejected, soft, second slate....... Poscesecces . 4 “ 

Middle bench ..........sesaessassessunsosanennunnsnnsuonsnsnnnnunnunsnssnsssonenunene 24 “. 
First slate ..........ccsccccoccssesccsccscseccsvarcescscssscccsceee soscncees 1 “ 

Lower DONCH,......ccccsccee cece cocccescsvscssvcses senses scasecccscssencesevecceces: 10 “ 
Sulphur band, occasional...........cssccscccscsssssscscssces cesses ces 2 “ 
Fire-clay. 


The mine is equipped to send out about 8 to 10 cars per day. The 
C. H. V. & T. R’y coals its passenger locomotives here. The coal has 
full size and strength, and is well approved in market. 

The mines at Salina and Chauncey, that are worked to supply the 
salt furnaces with which they are connected, agree in all general respects 
with the mine last described so far as the coal is concerned. 

In the south-west corner of York township, and in the adjacent 
portions of Waterloo, Section 31, the extensive workings of the Carbon- 
dale coal are struck. The Marietta and Cincinnati Railroad (now the 
C. W. & B. R’y) has a branch line running into this field, and the 
Carbondale mines have been made to yield a very large production for 
more than 20 years. A number of other mines are also opened in the 
Carbondale coal in the township, particularly at Mineral City and 
King’s Switch. In an earlier portion of this volume, pages 109, 110, 
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it has been demonstrated that the Carbondale coal is in reality the Nel- 
sonville seam, reduced to somewhat smaller proportions and somewhat 
deteriorated in quality, but still maintaining the divisions and general 
characteristics of the more favored portions. The structure of the Car- 
bondale coal is shown in the appended figure. By examination of the 
diagram, it will be seen that the main change from the Nelsonville 
phase consists in the reduction of the lower bench, which is compensated 
in part by an unusual thickness of the midde bench, bringing the 
aggregate thickness of the two lower benches up to the normal measure. 
The upper bench of coal carries the soft coal as usual directly above 
the second slate, and only a thin piece remains to be split out before 
the top of the original Middle Kittanning seam is reached. The Hock- 
ing Valley supplementary seam here degenerateg into a black slate with 
streaks of coal, a vast amount of fossil wood being carried in its lower 
portion. In passing over the Hocking Valley field from Sunday Creek 
to Carbondale, the middle bench is seen to have been increased from 
4 to 30 inches, or to even more. 


FIGURE CXL 
STRUCTURE OF CARBONDALE COAL AT MINES. 
Black Slate with streaks | Em 
a False Root = 
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The composition of the coal, as sampled by Mr. C. N. Brown, 
a.nd analyzed by Professor Lord, is shown herewith : 


Composition of Carbondale Coal (Lord.) 


Moistüre asien iS suk ccotseasiescies 5.05 
Volatile combustible matter ......cccccccccscccccccesscccccsscevsscecccevecs Sewers - 88.55 
Fixed carbon... ERTEILEN DEN „ 49.62 
Aahnaeaeiasssgedeussehsnsssciensdeees 6.78 

Totale: ~ 100.00 
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These figures can be recognized as marking the Nelsonville type, 
but they show an inferior grade, especially in the high percentage of 
sulphur. 

There is good reason to expect somewhat better coal as well a 
a little more of it, in the territory to the north-east of Carbondale. 
It is asserted that in the entries running to the eastward in the Car- 
bondale mine, the coal strengthens perceptibly. It is probable that 
this thickening will be found to consist either in the restoration of the 
lower bench to its normal measurement in the Hocking Valley, or to 
an improvement in the quality of the top bench by which it becomes 
mineable, as at Hamley’s Run. | 

This completes the account of the principal mines of the Hocking 
Valley in the Middle Kittanning seam of coal (No. 6 of Newberry). 

The condition of the seam in Starr township, Hocking county, 
will also be briefly considered here. There are no shipping mines in 
Starr, but the thickness and quality of the coal are so often made 
the subject of inquiry, that the facts that are in hand will be given, to 
meet as far as they may, such questions as arise. 

Quite an area in the eastern part of Starr township is credited 
upon the map with holding 5 feet or more of coal in this seam. This 
area is chiefly confined to Sections 1, 2, 3, 4 and 7. Throughout 
most of it the seam is under heavy cover, and our knowledge of its 
condition is fragmentary and imperfect. The Lick Run coal is followed 


FIGURE CALA 
STRUCTURE OF NELSONVILLE COAL ON 
FARM OF OLIVER MORGAN,SEC.1.STARRTR 
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to the township line, and a few openings to the westward indicate 
the continuance of the seam as represented. 

In Section 1, on the farm of Oliver Morgan, the seam shows the 
structure represented in the figure. 

The normal seam is seen to have a thickness of 6% feet, but it 
is to be noticed that the upper bench, 2 feet in thickness, is inferior 
in quality. It does not seem probable that this bench would prove 
marketable if a shipping bank were to be opened here. The supple- 
mentary seam is represented by a worthless alternation of leaves of 
coal and slate. The seam seems likely to yield 3 to 3% feet of clean 
and thoroughly merchantable coal. 

Nearly the same state of things is found in Section 7 on the farms 
of F. M. and S. M. Sims. The structure and character of the Sims 
coal are indicated in the accompanying figure : 


FIGURE CXX 
STRUCTURE OF NELSONVILLE COAL AT 
MINES OF F.M.&6.M.SIMS,SEC.7, STARR TR 
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There is probably but little, if any, more of merchantable coal in 
the seam at this point than in the seam of Carbondale, although the 
upper bench presents a somewhat better appearance in Starr than it 
does in Waterloo. Until a coal seam is tested either by thorough 
‘sampling and analysis, or by competition in the general market, it is 
not safe to pronounce upon its quality. The fact that farmers mining, 
as best they may, a few tons for winter use, take the whole seam, is 
not a sure indication that the general market will receive it. 

There is a somewhat better showing of the seam on Fraction 18, 
on the Collins farm. : 
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Ihe Upper Freeport Coal in York and Western Dover. 


This seam, which is here known as the Bayley’s Run coal, or Coal 
No. 7, has a fine development over a considerable territory in the town- 
ships named, and is already worked in three shipping mines. 

In Section 35, Dover, and in the adjacent Section 5, of York town- 
ship, the large mines of the Nelsonville Coal and Coke Company are 
situated at a point known as Happy Hollow. The seam is here 6 feet 
in thickness when undisturbed. It lies from 70 to 80 feet above the 
main coal, the Lower Freeport seam generally occurring in the interval, 
at a height of 40 to 45 feet above the main coal. The Freeport lime- 
stones are finely developed in this region, the upper one lying 15 to 20 
feet below its coal. The Buchtel ore belongs in the clay that acoom- 
panies and underlies the coal, being about 10 to 15 feet above the lime- 
stone. 

The coal has proved very steady and regular in a part of the terri- 
tory worked. In another part, where it was first opened, the bottom 
was uneven and the coal unstable to such a degree that mining became 
unprofitable. The structure of the seam, when at its best, is shown 
below: 


FICURE „EX, 
STRUCTURE OF UPPER FREEFORT COAL (N#7) 


ATMINES OF NELSONVILLE COAL & COKE CO, 
HAPPY HOLLOW. 
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It is to be added, however, that the partings shown here, unlike 
the partings of the great seam, are inconstant and changeable. In other 
words, they do not characterize the seam. The frequency of shale 
partings in the Happy Hollow coal makes it somewhat hard to clean 
properly for market. It is softer than the great seam below it, breaking 
more easily in handling. .Part of this body of coal is under shallow 
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cover, and is weaker than usual on this account. The working of the 
lower coal is carried on in the same tract with the workings of the 
upper seam, the latter workings being kept in advance as far as prac- 
ticable. No perceptible effect has yet been produced upon the upper 
seam by the removal of the lower coal. 

The coal, as has long been known, is moderately eementing, gather- 
ing up its slack into a fairly firm coke. A dozen ovens have been erected 
here, the only ovens now in operation west of Columbiana county 
in the State. Only the slack is used in the ovens, and for reasons 
already given, this is found to be quite impure. The sulphurous 
character of the seam shows also in the slack, and the coke is so high 
in this element as to forbid its application in most foundry work. If 
the best of the seam were used for coking, somewhat better results 
would be secured. A great improvement would doubtless be effected 
by washing the slack or coal. . 

The composition of the coal is shown in the appended analysis, the 
entire seam being sampled in the mine. 


Happy Hollow Coal (Lord). 


Moisture ......cccccccccccccccceccescccvcccecverceccccsccccecccccsccecceseccsccsscecescsesecees 5.10 
Volatile combustible matter .............oonosonneaunonuoononnaneunsanenounnnnannnere 86.97 
Fixed carbon ..........cccccccccceccvcccccccsesecccvccccccocs cocccssececceccesecccccsssercece 49.68 
RR 8.25 

Total ......cecccccescccecccccccccssccvecesccencesccssovenccescssccseccee nennen cesses sepecs 100.00 
Sulphur .....ccccccsccsscccssccnsosccsss coecrssecccecssensccses scssccsscecss sossseccecsenes 2.41 


The analyses given of the Bayley’s Run coal in the Hocking Valley 
field show that it has lost a little fixed carbon as it has been followed 
westward. From Cambridge to the Pennsylvania line, it nowhere con- 
tains less than 50 per cent. of this element. The Happy Hollow coal 
is used almost exclusively as a steam coal. 

The Half Moon mine, No. 25 of the C. & H. C. & I. Company, is 
arranged to handle the coal of both the upper and the lower seams 
(Nos. 6 and 7) by the same chute. It is located near Akron Furnace. 
All of the descriptions already given apply without change to this 
mine. It is oneand the same body of coal as that in which the Happy 
Hollow mines are located. The working of the upper coal is not 
pressed at present. 

There is promise of a valuable field of the Upper Freeport coal in 
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these townships. The great seam at present monopolizes attention and 
overshadows this upper seam, which would be elsewhere counted an 
excellent basis for mining. 

In Section 8, York township, near Floodwood, a new mine has 
recently been opened in this seam by the Hamilton Coal Co. 

The structure of the seam is shown in the appended figure : 


PIGURE CAL 


STRUCTURE OF UPPER FREEPORT COALN) 
AT HAMILTONS MINE NEAR EOS DWOOR. 
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The measurement was taken before the entry was driven far under 
the hill, but it fairly represents all of the subsequent workings. The 
coal mines rather small. An effort is now making to improve the size 
by using slower powder. The product of the mine is almost exclusively 
used as a steam coal. The seam now under consideration oocurs at 
very many points throughout the territory that has been traversed. It 
has occasionally been opened in the small way for farmers’ banks, but, 
as a rule, it can be judged of only by its natural outcrops. While un- 
steady and uncertain, there is no doubt that it makes a very valuable 
contribution to the fuel resources of the Hocking Valley. 

In Waterloo and Athens township this coal was mined for many 
years on the line of the Marietta Railroad, where it was known as the 
DeSteiguer coal. The workings have been abandoned for several years. 

The Lower Freeport and also the Lower Kittanning coal are occa- 
sionally opened and worked in the smallest way in the Hocking Valley. 
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Not a mine exists in either, but occasionally for convenience, and 
oftener from curiosity, the seams have been laid open far enough for a 
few wagon loads of coal to be obtained, but such openings generally 
fall in after a little, and no opportunities for examination remain. The 
best showing of Lower Freeport coal that is known in the field is on 
_the Whitmore farm, Section 6, York township, near Buchtel. The coal 
is 3 feet thick, and appears to be quite highly cementing in character, 
more so, at least, than the Upper Freeport seam, which is mined and 
coked on an adjoining farm. 

The Lower Kittanning coal is known to have been worked on a 
very small scale at several points in Starr township, and at one or two 
points in York, but not a single locality can be pointed out at which 
the coal can now be seen. 


The “Slate Vein” Coal. 


In Starr and Washington townships there is a local supply of some 
importance, furnished by a coal seam, known as the “Slate Vein.” It 
was designated as Coal No. 35, in Vol. ILI, page 914. The name comes 
from the fact that the coal] is overlain by 2 feet or more of a rich, fine- 
grained, fossiliferous black slate. The seam can be well seen in the 
vieinity of Ilesboro, where it is stripped at a number of points. In its 
best condition it carries 3% to 4 feet of coal, contained in two nearly 
equal benches. Frequently, however, only the lower bench is developed, 
in which case the coal is but 15 or,20 inches thick, while in place of 
the upper bench a bed of shale or clay is found. 

The black shale that overlies the coal is fossiliferous, containing 
many distinct impressions of lamellibranch shells and other marine 
forms. .A persistent ledge of sandstone, white and hard, underlies the 
coal, sometimes being separated from it only by the clay that bears the 
coal. 

The Slate Vein is nearly equally distant from the Lower Mercer 
limestone below, and the Ferriferous limestone above, both intervals 
ranging from 40 to 50 feet. The most common measure from it to the 
Lower Mercer is 45 feet, and to the Ferriferous, 50 feet, but each will 
reach both of the limits named. At one point, indeed, it comes within 
25 feet of the Ferriferous limestone. 

It seems to represent either the Brookville or the Tionesta coal, 
Nos. 4 or 36, with the probabilities in favor of the former. In this case, 
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the fossiliferous black slate stands for the Putnam Hill limestone, and 
the sandstone ledge below is in the place of the Homewood sandstone 
of the east. The main objection to this identification is the distance of 
the coal from the Ferriferous limestone. To the north and east, the 
interval between the Putnam Hill limestone and the Ferriferous (Baird 
ore) has always been found smaller, but on Monday Creek it rises to 
35 feet, and a gain of 15 feet in so considerable a distance is not outside 
of a reasonable range. 

A few facts are subjoined to show the distribution and development 
of the seam. On Section 31, Washington township, on the farm of G. 
Niman, the coal shows the structure represented below: 
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Another exhibition of the seam is given in the following diagram. 
These figures stand for the best of the seam, and are not known to 
represent a wide area. A seam like this is fairly mineable, if persistent. 
The quality is pronounced good: 


FIGURE ORXIK 


SECTION FROM L.REDDICK'’S FARM 
Black Stake Roof _. == 
ar Sess chit 
ite -clay-_-__.______ ae 
ee | 







This measure is obtained from Mr. L. Reddick’s farm, Section 
29, Washington township. The same structure and thickness are also 
shown on the Heinlein farm, Section 33, and at numerous other points 
near Mt. Pleasant, and also on Jasper Allen’s farm, Section 16. It is 
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also mined by Jacob Anthony and Eli Johnson, on Section 14, but the 
upper bench is wanting here, and the coal measures only 18 inches. 
The seam is also worked on Sections 12 and 13. In fact, the seam is 
almost universal through western Starr and eastern Washington, pass- 
ing into Falls and Green. It deserves a more careful investigation 
than it has yet received, though it is not probable that it will prove a 
safe basis for any considerable mining operations. 


| The Mercer Coals. 


The two Mercer coals are persistent throughout the field, but the 
upper coal seldom exceeds 16 inches in thickness. The lower coal is 
- mined, in default of a better seam, through parts of Falls, Washington, 
and Starr townships. A third seam, known in Washington as the 
Price coal, seems to belong to this horizon, lying about 20 feet below 
the limestone. It is probable that this extra seam is of the same age 
as the Union Furnace block ore. It may be, however, the normal 
Lower Mercer seam, unusually separated from its limestone. The chief 
fact that implies another place for it is the presence of a sandstone in 
the interval in one case. 

The normal seam is well shown in the small mine of George W. 
Manks, on Section 31, Washington. 


PiGURE CXXX1L 
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The seam is seen to carry a large amount of foreign matter, and of 
such a kind as to render steadiness and regularity out of the question. 
It is not often found in much better condition than this, but its phases 
are numerous. 

The seam, which has been already referred to as an abnormal 
phase, in some respects, of the Lower Mercer, is known in a few 


990 GEOLOGY OF OHIO. 


sections of Washington as the Price Coal. Its structure is shown ia 
the appended figure, which is taken from John Price’s farm, Section 
32, Washington. 


FIGURE CXXXM 


SECTION OF-JOHI'N PRICE'S COAL 
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The Lower Mercer coal is opened on numerous sections, and the 
aggregate annual production will reach several thousand tons, perhaps, 
but the coal could not be mined in competition with any of our 
ordinary seams. 

Below the Mercer limestone, there are two other coal horizons 
that apparently represent the Quakertown and the Sharon coals of the 
general scale (Nos. 1 and 2, of Newberry.) 

About 45 feet below the Lower Mercer limestone, a coal is often 
found, and in a few instances it acquires volume enough to tempt a 
little benching for it on the part of the farmers on whose lands it 
may occur. It has never been followed many feet under cover. It is 
known as well by the name of the Mohler coal as by any other, the 
name being derived from the Mohler farm, in Section 30, Gore town- 
ship. Its maximum thickness will scarcely exceed 2 feet, and this 
amount is divided into two or more benches. 

The Sharon coal horizon is more persistent, but scarcely more 
valuable in the district. A few banks are opened in it on the western 
margin of the coal field, but the seam is.unsteady and of little account. 

The largest showing is, perhaps, that which is quite widely known 

-as the “eight-foot vein,” of Section 4, Washington. On the farm 
of Nicholas Bowers the seam shows the following structure: 





Sandy ähale.au. sie 2 feet 6 inches. 
Valencia 1::* 

Shale and flre-clay ............ scscccsssecsessaccscecsscosceens 9 “ 
Dal. cng tadeecdacses ys sodedeas svadesaevauectcoussceremeckeseaeseeesteuse 2 “ 4 inches. 
Bone Or cannel COA! is. cscccsesccscsscseceecevscsseecssess escent oesvcses ey es 


Fire-clay. 
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There are, of bone and coal together, 4 feet 4 inches in the 
section, but there is only one bench that is mineable, and this is 2 feet 
4 inches thick. Just why 8 feet should have been fixed upon as the 
popular measure of the seam, it is hard to see. Counting from the 
bottom of the bone to the top of the rider streak, there are 13 
feet in the section, and the coal could have been named the “ 13-foot 
seam” by quite as good a right. 

The horizon is well marked, even when the coal is wanting, the 
Maxville limestone (Sub-Carboniferous), or its clay, ore or flint 
being often found at nearly the same level. 

This horizon is found 80 to 120 feet below the Lower Mercer 
limestone. 

As a key to the strata below the Mercer horizon, the following 
general section can be consulted. It will find its application only on 
the western margin of the Coal Measures of this region and considerable 
range in elevations must be allowed for: 


Lower Mercer or Blue limestone........ ssessccosscevcece once cevsscscoceccones: 100 feet. 
Lower Mercer coal, 0O—15 feet below limestone............ eee scccesceescees 95 “ 
Union Furnace block ore, extensively benched...............c0se0 u BO “ 


Dresden sandatone— Upper Conoquennessing— 


Very white and pure, 10-20 feet thick. Contains many im- 
pressions of trees, etc. Often replaced by thin stone 
and shale, in which case one or more coal blossoms 
occur. 
Mohler Coal—Quakertown coal or Coal No. 2.......ccccccccsescecseses recess 60 “ 
Sometimes streaks of ore above and below. 
Massillon sandstone—often heavy. 
Sharon Coal—Ooal No. 1.......ccsccsssscscsccsscserccesecees deena sesenenee aves coe 0 * 
Sharon conglomerate—sometimes—pebbles coarse. 


{ Maxville limestone—often flinty, sometimes bears ore. 
Hard fire-clay—whole series 10 to 20 feet thick. 


Logan sandstone, often conglomeritic, pebbles small and usually 
flat. 


. 
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CHAPTER XVII. 


THE COAL SEAMS OF THE LOWER COAL MEASURES 
OF OHIO—ConrTINUED. 


MINES OF VINTON AND JACKSON COUNTIES. 
By Epwarp ÖORToN. 


Section I.—Mines of Vinton county. 
Section II.—Mines of Jackson Shaft and Wellston Fields. By Andrew Roy. 
Section IJI.—Mines of Jackson County, above the Wellston Coal. 


In the map which accompanies this chapter, the following 
geological features of Vinton and Jackson counties are represented, 
viz.: (1), the outer margin of the Coal Measures, and (2), the outer 
margin of the Ferriferous limestone. The extent of the Ferriferous 
limestone is also indicated in a general way. The first boundary is 
taken from Newberry’s Geological Map of the State; it is not 
claimed for the second that it represents all of the sinuosities of 
the real margin, much less that the work of erosion upon the original 
sheet is properly represented on it. The westernmost points are well 
located, but there is no map of these counties that furnishes a ready basis 
for laying down such boundaries in detail, for the reason that the minor 
drainage streams are not represented. Many consecutive square miles 
are shown upon the best maps available without a single stream. As the 
topography depends upon the valleys of erosion, and as the outcrops of 
the strata are adjusted to the topography, it is evident that an accurate 
‘outline of the outcrop of any stratum would involve the making of an 
accurate map of the drainage system of the region involved. But 
such an undertaking transcended the limits of the present Survey. 
The minor details in the distribution of the Ferriferous limestone, 
particularly in Jackson county, are therefore not to be looked for 
upon the accompanying map,: but the areas are shown within which 
this leading element is due when the topography admits. It would 
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have been easy ‘to indicate upon the map many of the valleys 
from which the formation has been cut out, but inasmuch as the repre- 
sentation could not be extended to all, it was considered to be less mislead- 
ing to follow the system here employed. The limestone ore of this district 
has not been worked nearly as extensively as the ore of Lawrence 
county, and we are accordingly left at a relative disadvantage in repre- 
senting it. 

No question can be raised as to which of ‘the geological elements 
present deserves to be selected for special representation. The Fer- 
riferous limestone is so conspicuous and valuable by reason of the ore, 
limestone, coal and clay that belong to it, that it has no competitor for 
the place of honor on the maps.. Moreover, the next horizon in im- 
portance, that of the Kittanning coals, is almost as well represented 
by the limestone boundary as it would be by a boundary devoted to 
itself especially. The Lower Kittanning coal is but 10 to 25 feet above 
the limestone, and there afe but few outliers and but small areas in 
these few in which the limestone is found without the coal. 


The reduction of the limestone horizon as it is followed northward 
through Vinton county, and especially in Brown township, is well 
shown by its disappearance from the map, but it is also to be seen that: 
enough exposures of it remain to hold fast and establish the sections in 
which it is so important an element. Not less than 8 or 10 outliers are 
found in the hill-tops of Elk and Madison townships, attesting the for- 
mer universal presence of the stratum. These outliers it has been pos- 
sible to map. 

The horizon regains its steadiness in Hocking county, and is largely 
worked there as a source of ore, and to some extent as a source of lime- 
stone. The ore north of Vinton county is known as the Baird ore. 


The Wellston coal field is also represented in a general way upon the 
map, but the description of this feature will be reserved for a subsequent 
section. This seam and also the Jackson shaft coal are so restricted im 
their distribution, and have so little in common with the field at large, 
that they will be treated by themselves in a separate section. 


63 G. 
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Coan SEAMS OF VINTON AND JACKSON COUNTIES. 


The following-named coal seams furnish the present supply of Vin- 
ton and Jackson counties : 


11. Upper Freeport coal, No. 7, of Newberry. 

10. Lower Freeport coal, No. 6a, of Newberry. 

Middle Kittanning coal, No. 6, of Newberry. 

Lower Kittanning coal, No. 5, of Newberry. 

Upper Clarion or Scrub Grass coal (not numbered by Newberry, No. 4a, or 
No. 4b). 

Brookville coal, No. 4, of Newberry. 

Tionesta coal (not numbered by Newberry, No. 8b). 

Upper Mercer coal, No. 8a, of Newberry. 

Lower Mercer coal, No. 3, of Newberry. 

Quakertown or Wellston coal, No. 2, of Newberry. 

Sharon or Jackson shaft coal, No. 1, of Newberry. 


pa so 


u ER rene 


The two lowermost, which are by far the most important seams of 
the field, being omitted here, there remain 9 additional coal seams that 
are found and worked within the counties now to be considered. But 
four of this number are mined for the general market, viz., the 5th, 6th, 
7th and 9th of the list. The remainder are of but very small present 
value as sources of fuel. The 6th or Brookville seam isa valuable 
deposit in Hocking and Vinton counties. It is mined for market in 
Ohio only in Vinton and Stark counties. The 9th of the list is the 
constant and regular seam that under various names and with varying 
phases and many changes of fortune has been followed through every 
county that holds the horizon westward from the Pennsylvania line. 


- Several attempts have been made to mine the 3rd seam of this list, 
but they have not proved entirely successful. The attempts are not vet 
wholly given over. The 7th seam is now brought into market in two 
or three instances, but it cannot be made to meet existing competition. 
In other words, the “limestone coal” of these counties cannot, at present, 
be largely sold in markets to which the Wellston coal finds equal access. 
The seam, however, supplies a considerable local demand, being the 
main reliance of many farming neighborhoods for fuel. 


The general order of this field has already been discussed in chap- 
ter I, page 117, etc., but a few additianal statements as to the different 


coal seams will be given here, while describing the separate mines of 
the district. oe 
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SECTION L—MINES OF VINTON COUNTY. 
The Jackson Shaft and the Wellston Coals (Coals Nos. 1 and 2). 


The horizons of these coals are abundantly displayed in Vinton 
county, inasmuch as the boundary of the Coal Measures traverses a 
large number of its townships. Probably the equivalents of both seams 
are worked in the smallest way in various country banks, but no one of 
these openings has acquired as much repute as the so-called Elk Fork 
coal, of Elk township. It seems to be a very uncertain seam, no trace 
of it being found in farms adjoining those where its best development 
occurs. Nothing has been added to our knowledge of it, except a 
clearer recognition of its unsteadiness and uncertainty, since the date of 
Professor Andrews’s report on Vinton county, report of 1870, page 105. 
The reports of valuable seams in the lowest measures of Vinton county, 
where investigated, have not been found to be well supported thus far, 
but it is highly probable that within the extensive territory in which 
they are due, some valuable basins will be hereafter discovered. The 
Elk Fork coal is commonly counted the Wellston seam, inasmuch as it 
lies about 100 feet below the Lower Mercer limestone. 


The Lower Mercer Coal (Coal No. 3). 


This well-known seam makes a better showing in Vinton county 
than in any other county of the State, Holmes county alone excepted. 
At various points in Brown, Madison and Elk townships it has a thick- 
ness exceeding 3 feet. In Fraction 19, Brown, the entire seam is said 
to ‘measure 7 feet. Reference is made to this locality on page 114. In 
Section 30, Madison, an opening by the side of, and level with the rail- 
road track, shows a thickness of 4 feet for the seam, which is thus 
divided : 


COa].......cceccsccccescscsssccece soveccsccens sencnscecscssesecees ececescececcecses 12 to 14 inches. 
Shale parting .............-ccccscsccccssccsscescsceseecesssseorees 12 inches. 

Coal with numerous slate B6amB ............ccsscsccsveescessscescsenes 24 inches. 
Fire-clay. 


Near Zaleski the seam has been quite thoroughly proved, in years 
past, by the Zaleski Company. It has a thickness of 4 feet or more in 
mmany cases, so that it is not volume that is at fault so much as quality. 
‘The trouble comes from the numerous shale partings of the coal more 
than from the coal itself. When well cleaned the coal is often fairly 


996 GEOLOGY OF OHIO. 


good, but the slates are not only numerous, but are hard to separate. 
In addition to this drawback the seam is unsteady. There is no con- 
siderable area of it now known that can be mined under present condi- 
tions, but the time will doubtless come when its better phases will be 
worked here. The coal found in a boring at Radcliff’s, 137 feet below 
the Ferriferous limestone, is undoubtedly the Lower Mercer coal. There 
are many farms in the county in which a little mining has been done 
in this seam. 


The Newland Coal. 


If the Newland coal of Elk and Madison townships is the Upper 
Mercer seam, to which horizon it has been doubtfully referred (page 
159), this seam deserves more attention and more exploration than it has 
yet received. The question existing as to the Newland coal is whether 
it is the Upper Mercer or the Tionesta coal (No. 3a, or No. 38, or both.) 
The latter comes very close to the Upper Mercer limestone in places 
throughout this region, and it may even prove that the Newland coal 
results from the union of the two seams, the limestone being represented 
by a bed of slate or flint that sometimes separates the main benches of 
the coal. 

The Newland coal gets its name from the farm of Benjamin New- 
land, Section 17, Elk township, where it has long been mined in a small 
way. It is known in the neighborhood as the 7-foot seam. 

The coal at this point lies 38 feet. above the top of the Lower Mer- 
cer limestone, which is found here with the unusual thickness of 6 to 10 
feet. The Upper Mercer limestone is found on the same farm, but not 
in immediate association with the coal. The interval between the lime- 
stones, where measured, was found to be 35 feet. So far as this one 
measurement goes, it renders the reference of the coal to the Tionesta 
horizon the more probable one. A long and valuable section is found 
on this farm, the main elements of which are as follows: 

Ferriferous limestone (ore and flint). 

Interval, 38 feet. 
Kidney ore. 

, Interval, 14 feet. 

Kidney ore. 

Interval, 43 feet. 
Upper Mercer limestone, 6 inches thick.. 

Interval, 25 feet. 
‚Lower Mercer limestone, 10 feet thick. 
From Lower Mercer to Ferriferous limestone, 190 feet. 
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This section can be duplicated in the neighborhood, showing a 
range in total interval of 120 to 140 feet. 


The coal on the Newland farm has, in one opening, the structure 
shown below : 


Coal, Boll. anne einen 10 inches. 
OLY ES ET vase stan UEOSEE ER RR UETER TERROR ENG 5b « 
Classes „12 4 
Cannes een Dlusän - 22 i 
COG) ectasitcaishcxceccnacecessencooesarcacsweusueatwsteceseue «ects ocwnuseetces NET iy = 
Fireclsy sarah „66 * 


. In another opening the structure is as follows : 





Bone 6081... een nenne „ 4 inches. 
Dali nee voeu seek oacue caensbeene seeseuwnsaseweceeces 2 
Gay and CLAUS na anne ae 6 
ORL NO cea dang ead eens ace taeneac aos eewasan Suave eeeew eke 1 * 
Cannel! el... 2. nasse es aecvenustesesdavees severees «15 “ 
COa ls Scteads ER EEE REEL ERUR SE REEERER EEE bawsue suns ea revs eoussenuc te snsses 9 = ( 
Dale persesnsssesnsnensnssnnensansensnnsnnsnerenssensaen 8 er 
Totaluccc lewteuscavcsucin acai ubensna seed ska teuaeasenuenseunessieaseeaus 70 inches 


At one other opening of the seam in the same neighborhood the 
structure is as follows: | 


TIEURE CEXRXVI 
STRUCTURE OF NEWLAND COAL NEAR 


Slate arıd Goannel CooL__. = 
Shale od Chay. 


Cool, bitueinous— 





Fire = Aa \ 


On the lands of the Zaleski Company, Section 35, Madison, near 
the north line of a tract of land owned by Eden Moore, a recent 
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opening made by W. W. Poston shows the following structure of this 
coal : | 
Shale roof, 8-10 feet seam. 


Dosen eianiionesiteecak, 7 Inches 
Black Slate ns naar FR : BE 
Coal, good quality............:.ssccssessssscsceccscscsecceee © ~10 * 
Fire-clay and DOnGC.........00..ccssecsccscsessesccesenseneecees 6.4 
Colin 10 * 
Parting, thin. 
CO savesiiecvoiascesegeasiaineensetawees aeakscacsens xaviaviceadseecnsts 2 
Clay, holding seam of flint.............0.. ee 
Coal, bottom bench ............ secscconccesecese esses senees „10 * 
PAT O-ClBY 5 u. —_ 
Entire thickness of seam.......... secsseee Basar 64 “ 
Entire thickness of coal............ TER 49 “ 
Available coal........ .c0.csscecssccsccceces sensceces 39 “ in 4 benches. 


In a ravine a few hundred yards east of this exposure, the seam, 
as opened, shows much less volume. The position of the coal is from 30 
to 40 ft. above the Lower Mercer limestone, which is universal through- 
out the region. The second bench appears to be of excellent quality. 
The remainder seems somewhat long-grained and coarse, but quality 
cannot be properly judged from this mere outcrop. 

On the Bryson farm, on Wheelabout, south of Zaleski, the Lower 
Mercer coal is shown in the creek banks with a thickness of 4 feet. It 
is covered by calcareous, fossiliferous shale. The Tinnesta coal, now 
under discussion, is found here 40 to 44 feet above the lower coal, also 
showing a thickness of about 4 feet. The Brookville cval is also found 
at its proper level, about 20 feet above the Tionesta. 

On the land of Mr. H. R. Demming, 8. W. + Section{23, *Madison, 
the same seam is again found in excellent development. Thej structure 
is shown in the appended figure: 


FIGURE EXXxVLL 
SECTION OF H.R.DEMMINGS COAL. 
Slate Roof _------------- — 
Retten Coal... ——— 


Good (alas 
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Grosse P olnie, 
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Minor partings would doubtless be revealed by extended workings. 
It is claimed that the 3 inches of rotten coal at the top of the seam 
become good under the hill. The seam lies near the level of the creek 
at this point. | 


The seam shows but little sulphur, and is said to burn with a con- 
siderable amount of very light ash, which is white in color. Cannel is 
often found in the seam, replacing the bituminous coal in part. To the 
southward the cannel becomes the characteristic element. 


The Newland coal, as now described, occupies a considerable area 
in Vinton county. It has not been followed far under cover at any 
point, except at Vinton Furnace, where it was mined quite extensively 
a few years ago. 


The outcrops do not indicate a very steady seam, but there is cer- 
tainly a valuable body of fuel at this level that will, at some time, repay 
development. The place of this seam can be easily fixed by reference 
to the lower blue limestone. The coal is about 40 feet above this well- 
known horizon. 


” 


The Winters Coal, or the Flint Vein. 


Under these designations, a valuable body of the Brookville coal, 
No. 4 of Newberry, is known and worked in Elk, Swan, Madison and 
Clinton townships of Vinton county. 


The former name is derived from the name of the owner of the 
farm, one mile south-west of McArthur, which holds the largest work- 
ings of this seam. The second name is derived from thé fact that at a 
number of points east of McArthur, a seam of flint is contained be- 
tween the benches of the coal. The place of this seam in the geological 
column is at 35 to 40 feet below the Ferriferous limestone. The limits 
will probably be found at 30 and 50 feet, respectively. 


The quality of the coal probably varies a good deal in different 
mines. At the Winters mine, near McArthur, the coal is a bright, 
open-burning coal, rather high in sulphur, and yielding a moderate 
amount of purple ash, but it is in all respects a desirable domestic and 
steam coal. 


The section of the seam at this point is shown in the following 
figure. 
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WIEURE CXXYV 


STRUCTURE OF WINTER'S COAL ,MSARTHUR. 





This structure is maintained fairly well through the quite extensive 
workings of the mine, which has been wrought for many years as the 
main reliance of the village of McArthur. 

It is the same seam that is worked in a small -way on the farm of 
8. H. Trimmer, Section 32, Elk, the structure of which, as reported by 
David Trimmer, is shown below. The bank is not now open. 


FIGURE Exxxry 


STRUCTURE OF nine ee os 






OO kei Br j 
Clan one Shale a ____ WY E 


Goal, -_-------.-..-...d 


This coal lies 65 to 70 feet above the Lower Mercer limestone, a 
somewhat shorter measure than is to be expected. 


To the same horizon is probably to be referred the coal on C. More- 
head’s farm, in Section 26, Swan township. Its structure is indicated 
in the figure appended. 


This coal appears well, and is well thought of in the neighborhood 
that it supplies. 2 


In addition to the mines already given, many others of equal rank 


might be named throughout the territory under consideration. There 
is but one shipping mine in this seam in the district, and indeed in 
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Southern Ohio. It is the lower mine of the Zaleski Company, and it 
will be described in a subsequent paragraph. 


FIGURE CXXiV 


SECTION OF C.MOORHEADS COAL. 
Roof Siote----_-..._____ 
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Porting and poor ol By 
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On Mr. H. R. Demming’s land, Section 23, Madison, the coal shows 
a thickness of 58 inches. 

The seam has been worked at many points south of Zaleski. To 
it must be referred the coal mined by Dubler, Scott, McLaughlin, 
Bowen, and also the coal mined at Prattsville. The seam is everywhere 
covered throughout this region by a massive showing of the Hecla 
sandstone which separates this horizon from the Ferriferous limestone 
horizon. 

It is also without question the Eagle Tunnel coal, to which various 
names have been heretofore assigned. The top of the coal is 36 feet 
below the Ferriferous limestone, and between the two is found the Hecla 
sandstone. 


The Limestone Coal. 


Under this designation the most reliable and serviceable coal for 
local supply of Vinton and Jackson counties is known. It lies below 
the Ferriferous limestone, generally immediately beneath it, but some- 
times separated by as much as 15 or even 18 feet of shale and clay. A 
cover of shale is of great advantage to the coal. 

This position marks it as the Upper Clarion or Scrub Grass coal 
of the Pennsylvania series. By many who have sought to apply New- 
berry’s scale of numbers to Southern Ohio, it has been counted Coal 
No. 4, but this designation is seen to be inadmissible, inasmuch as 
the Brookville or Putnam Hill limestone coal lies 20 to 40 feet below 
at. If these numbers are to be adhered to, the coal would be known as 
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4a or 4b, according as one or two coals are referred to the Clarion 
horizon. 

The limestone coal ranges, as a rule, between 3 and 4 feet in thick- 
ness, but sometimes rises to 6 or 7 feet. It is bright and handsome, 
high in sulphur and moderate in ash. In the country banks where only 
the outcrop is worked, the coal mines small. Probably it will hold this 
characteristic under deep cover.. There are a few small shipping banks 
in this seam on the line of the Ohio and West Virginia road, one near 
Hawk’s Station, and others at and near Minerton. 

The first of these supplies the locomotive of the road with coal; 
the others ship a moderate amount southward into the coalless region 
traversed by the road. The seam makes its best appearance at the first- 
named point, as is shown in the appended figure: 


FIGURE EXXXV 


STRUCTURE OF LIMESTONE COAL. - 
AT HAWK’S STATION, 


Black Slate art Äerous 
nn Lae Iumestone 





Wherever of large volume, as in this case, the coal is rendered 
dirty by the interbedded slates. In many cases also, the amount of 
mineral charcoal is excessive in the coal, producing the same result. 

The seam at Minerton has less thickness. Excellent opportunities 
are afforded for a study of this important horizon in the railroad cuts 
in this neighborhood. The ore, limestone, coal and clay, all of them 
of economic value and interest, are shown in full-faced sections. The 
coal is seen to be unsteady when it has the limestone for a cover. This 
coal seam extends from about the middle line of sections of Elk and 
Madison, southward to Lawrence county. The volume is amply safficient 
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to repay working in a large part of the territory, but it has the present 
disadvantage of being obliged to compete with the Wellston coal in 
market, a test of value that but few coals of the State can meet success- 
fully. It is no wonder, therefore, that the present use of the limestone 
coal is mainly limited to the home supply of farmers and to locomotive 
use, but the area of the coal is large, the seam is of good thickness, its 
fire-clay gives promise of great value in some places, and, all things 
taken into account, it can safely be asserted that this seam will prove a 
large and lasting source of wealth to Vinton county. Its development 
will be delayed until the choicer coals, that are now available at no 
greater expense for mining, begin to grow scarce. 


The Lower Kittanning Coal (No. 5). 


This seam is almost everywhere present in its own place in the field, 
but its thickness generally falls below 2 feet, and no single instance is 
now recalled in which it is worked in Vinton county, even in the 
smallest way. It is found in many of the heavier benchings of the 
limestone ore, its place ranging from 10 to 20 feet above the Ferriferous 
limestone. 


The Middle Kittanning Coal (No. 6). 


Though lacking the importance that it possesses ia the Hocking 
Valley, this wide-spread coal seam displays the same characteristics in 
Vinton county that give to it its value elsewhere, viz., steadiness and . 
good quality. It enters Vinton county from Waterloo township under 
the name of the Carbondale or Mineral City coal. It has been largely 
mined at King’s Switch and at Ingham’s, on the county line, and also 
at Moonville. It is still worked at these points, but the front hills have 
been mainly mined out along the railroad. The main body of the coal 
that is tributary to this outlet is untouched, but the hand-to-mouth 
policy which these small mines have always been obliged to adopt has 
placed future working at some disadvantage. 

The seam can be followed with unmistakable distinctness and 
indisputable identity from Mineral City, where it is found at the level 
of the railroad, slowly rising to the westward and southward, until it 
reaches the tops of the hills for its final outcrop in the north-east corner 
of Elk township. At Mineral City, as already stated, it is level with 
the railroad, or, in places, 8 to 10 feet above; at the tunnel, it is 17 
feet above; at King’s, 19 feet; at Ingham’s, 52 feet; at Moonville, 73 
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feet ; at Hope Station, 130 feet, and about the same at Zaleski, this 
place lying nearly in the direction of the strike from Hope Station. 
These stations are at approximately the same novel viz., 150 feet above 
Lake Erie. 

The section of the coal at Moonville covers fairly well all of these 
mines. It is as follows: 


Bone coal ........sceeseee Risesdicaustewesses sessenaacebae sneoeasseutesaae veces _ 

Day eiserne 4 inches. 
Clin . 24-28 4“ 
Parting:. certain 2 is 
CORN) aan R ii 5-6 4 


The Zaleski Mines. 


The only important mines in Vinton county are the two mines of 
the Zaleski company. They are located in Section 36, Madison. The 
Middle Kittanning, or Carbondale, or Nelsonville seam, has been mined 
here for many years on quite a large scale, and a considerable acreage 
has been exhausted. The body of coal now _— in this seam is fairly 
represented in the Drowns figures: 


FIGURE CXKTI 


“SECTION OF .COAL AT ZALESKI MINE. 
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The close agreement in the structure of the seam at Zaleski with 
its structure in the Hocking Valley field is apparent. Here, as in the 
last-named field, the seam is made of 3 benches. The slates have the 
same thickness and character, and the same layer of poor coal is found 
directly above the second slate as in the Hocking Valley. In fact, the 
whole of the upper bench is generally rejected, as it is to the eastward 
of the Hocking Valley. 

The bottom bench varies in thickness, ranging from 6 to 14 inches. 
In some parts of the company’s lands, the coal shows somewhat different 
proportions, as at the Coalmont Works, now iabandened The structure 
at this point is shown herewith : 


FIGURE XXI 


SECTION OF COAL AT BUNG nu MINE. 
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The coal mines in medium-sized blocks, and is of fair quality. It 
is used mainly for steam production on the line of the O: W. and B. 
R’y. A large acreage still remains to the company. 

One peculiar fact in connection with this seam.may be noted here. 
In the Report of Progress for 1870, page 78, Professor Andrews gives 
an account of a quartzite boulder, found partly imbedded in the Zaleski 
coal. The boulder was worn and smoothed by friction before it came 
into the coal. It ncw appears that such boulders are not infrequently 
met in and immediately above the coal. The bank boss, Thomas Wat- 
kins, informs me that he has ina few cases found a number together, 
sometimes 8 or 10 in the coal, and that single ones are often found. 
One of these, presented to the Survey, proves to be like the one de- 
scribed by Professor Andrews, a gray quartzite, compact and firm, and 
well polished externally, as if by glacial action. Some of them are 
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found entirely bedded in the coal, but more occur in the shales imme- 
diately above the coal, but so close that they come down when the coal 
is taken. Mention has already been made of the large boulder found 
in the Manly mine at Shawnee, immediately above the second slate. 
This specimen is also a metamorphic sandstone or quartzite. 


Boulders of the same sort are also found in the Carbondale coal. 
They are not known to occur in any other Ohio seam but the Middle 
Kittanning. This anomalous characteristic comes in to re-enforce the 
disputed identity of the Nelsonville and Carbondale coals. 


In connection with this mine, another seam is worked, as has been 
indicated on a previous page. This is the only point south of Stark 
county where the Brookville coal, Newberry’s original No. 4, is worked 
in a shipping mine. The seam has already been described as it is found 
in Vinton county. In volume and general structure, the Zaleski mine 
agrees fairly well with the Deming coal, figured on page 998. The 
structure of the Zaleski Company’s seam is as follows: 


FIGURE CXXXVA 


STRUCTURE OF BROOKVILLE COAL 
(N24) AT ZALESKI MINE 
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The coal is not mined below the white clay parting, and, in fact, it 
is not often’that any coal is found below. 





COAL MINES OF VINTON COUN MEA Art and rei. 


:35Se Pointe, 
The coal is hard to out, has great strength, mines large, and bears 
stocking remarkably well. It is not a clean coal, is quite high in ash and 
sulphur, but it burns well, and is even preferred for locomotive use to 
the upper seam. The residents of the village also prefer it for domestic 
use, it is ssid. For shipment on the road, the two seams are supposed 
to be mined in equal proportions, both coals being delivered over the 
same chute. Though thicker than the upper seam, it is harder for the 
miner to make wages in it. The average output will not probably 
exceed 2 tons to the miner. The price for mining for both seams is 5 
cents in advance of Nelsonville prices. The number of miners in the 
company’s employ exceed 100. 


The company has now been mining this seam in the large way: for 
7 years, and its entries have been advanced to great distances under the 
hills, the coal proving mineable wherever followed. It is a little un- 
steady in thickness, the roof shales coming down in rolls into the coal, 
after the fashion of sandstone horsebacks. Where the roof is thus 
irregular, it naturally becomes dangerous. Several deaths have resulted 
in this mine from falls of slate. 


The clay beneath this seam has large volume, and presents a very 
favorable appearance. There are also other horizons in this neighbor- 
hood that promise an abundance of good clay for all common uses. 


The Lower Freeport Coal (No. 6a). 


This seam is found in good development in Vinton county. In 
fact, it often has considerably greater volume than the seam below it, 
and has frequently deen mistaken for it. In Volume III, page 918, 
it was described and named as the Hamden Furnace coal. Nothing 
need be added to the statements there given, inasmuch as no further 
developments have since been made. The seam has a thickness of 
3 feet 8 inches in the vicinity of Hamden Furnace, and it lies about 60 
feet above the Ferriferous limestone. 


The Upper Freeport Coal (No. 7). 


This well-known and well-marked horizon is conspicuous enough 
in Vinton county by reason of its limestone and clay, but no single 
locality is now recalled in which the coal is mined. 
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Summary. 

The coal supply of Vinton county is peculiar in this respect, 
viz., that it is largely derived from seams that are seldom worked or 
workable elsewhere. The Tionesta, Brookville and Clarion (Upper) 
coals have greater volume than any other seams of the county, while 
of the Kittanning and Freeport coals, though all are present, but 
one is mined to any extent. This one yields but little more than 3 
feet of marketable coal, but it is characterized by persistency and 
steadiness, as well as by good quality, and therefore becomes a safe 
basis of large mining enterprises. 


MINES OF JACKSON COUNTY. 


It is to be regretted that time has not sufficed for working out the 
lowermost 200 feet of the coal measures of Southern Ohio, and 
particularly of Jackson county, in such a way that clear and satisfac- 
tory statements could be made as to the order of the geological elements 
of economic interest comprised in this part of the scale. Although 
a good deal of work has been done in th: district since the date of 
Professor Andrews’s report upon it in 1870, many of the questions un- 
settled at that time remain unsettled still. What is required is a few 
weeks’ work carried on in a methodical way, and with the aid of in- 
strumental measurements upon the lower coals of the county. Until 
this is done, it is scarcely worth while to advance statements upon the 
disputed points which, resting largely on individual judgment, can be 
offset by the different conclusions of other observers. 

These lower coals constitute the chief element in the mineral 
wealth of the county, at the present time, and their superior develop- 
ment here gives to Jackson county an enviable pre-eminence among 
the Coal Measure counties of this part of the State. 

Almost all of those whose judgment in regard to the question 
is entitled to respect, consider the Jackson Shaft coal and the Wellston 
coal as two distinct seams, but now and then an intelligent person is 
found who still maintains the older view, that the two coals belong to 
the same horizon. 

There is, of course, no instance known in which typical and 
universally accepted representatives of these coals are found in the 
same vertical section, for in such a case the question could not be 
raised, but a few localities can be pointed out in which the fields 
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are brought into close proximity. Where the Wellston or Hill coal 
approaches closest to Jackson Court House, the horizontal distance 
between the fields is small, but it is unfortunately too large to render 
the measurement of the vertical interval that has been deduced from 
the facts as here shown an authoritative one. 

One of the most anomalous series of measurements is obtained a 
mile or two directly east of Jackson Court House. The measurements 
which follow were made by Mr. Brown, with a spirit level. 

On lot 66, Lick township, on the land of Ambrose Scott, a hole 
was drilled to the Shaft coal, which was found at a depth of 110 feet. 
This puts it at about the same depth with the coal in adjacent mines 
of the Jackson Shaft coal field. On the same lot, there are extensive 
developments of the Lower Mercer limestone. It has been quarried 
largely here for furnace flux. It is crowded with fossils, and is in all 
respects thoroughly characteristic. Moreover, the upper members of 
the series appear in their appropriate places in the hills above. 

The distances from the Shaft coal to the Lower Mercer limestone 
on this lot are 138 and 142 feet in two separate measurements. The 
Wellston is found in several instances in its own field 120 feet below 
the same limestone, and thus it appears that the Shaft coal, in an un- 
mistakable ocourrence of it, is but 20 feet from the possible horizon of 
the Wellston coal. 

In Section 25, Jackson township, a coal seam has been opened and 
worked on the land of J. Wilson Case, while almost directly above it, 
at an interval of about 125 feet, an unequivocal deposit of the Wellston 
or Hill seam has been quite largely worked on the Spanknebel farm. 
The identity of the lower seam-with the Shaft coal would not, perhaps, 
be acknowledged by all. , 

The Shaft coal generally rests upon a conglomerate, pronounced 
and coarse, but the seam is everywhere covered also by a conglomerate 
sandstone, in which good sized pebbles, $3 inch in diameter, are often 
found. Occasionally the upper conglomerate is as coarse as the lower. 

The several conglomerates that occur in this general field are in 
fact one source of the confusion that prevails as to the true order. 
The Waverly conglomerate is in strong force within this district. 
There are, besides, the conglomerate below, and the one above the 

Jackson Shaft coal. As has been abundantly proved, the Carboniferous 
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Conglomerate can no longer be counted an undivided stratum, but it is 
rather a complex and much varied formation. There is no single 
stratum of pebble rock in the State that has any longer a right to be 
called “the Conglomerate’. 

But there seems no good reason to call in question the assertion 
that as the Shaft coal lies below, the Hill coal is above the conglome- 
rate sandstone already named. 

The conglomerates that enclose the Jackson shaft coal answer well 
for the Sharon and Massillon (Conoquennessing) divisions respectively 
of the great Conglomerate formation of the Pennsylvania scale. 

In my report upon the Hanging Rock district in 1877, Vol. III, 
page 885, a mischievous and confusing error appears in all of the 
sections involving this part of the scale. The Jackson Shaft coal and 
the Wellston coal are represented as lying below the Maxville lime- 
stone. The real order is given in the preceding statement. 

Counting from the Lower Mercer limestone, which is the one con- 
stant and reliable stratum through the field, the Wellston coal is about 
110 to 120 feet below it in the scale. The Jackson Shaft coal may be 
provisionally counted as about 75 to 100 feet below the Wellston coal. 
Larger and smaller measures than these are often found. Counting 
from the nearest exposures of the Hill coal to the floor of the mines 
under Jackson Court House, an interval of 175 feet has been deduced, 
but as has been said, the distance is too great between the exposures 
to make the measurement a safe one. One mile beyond Jackson, the 
interval from an unquestioned body of the Shaft seam found in a drill- 
hole on the land of Ambrose L. Scott, to the blue limestone (Lower 
Mercer) is but 140 feet, or within 20 or 30 feet of the place of the 
Wellston coal, but this is certainly abnormal and unusual. 

There is, fortunately, much greater certainty as to the order above 
the Wellston coal. The leading horizons of the Lower Coal Measures 
are easily identified in the main throughout the county. 

The mining interests and present development of the Jackson 
Shaft and the Wellston coal fields are well treated in the following 
section, prepared for this chapter by Hon. Andrew Roy, late State 
Inspector of Mines. He has confined his description to the basi 
already developed. Others are known and worked in a small way, 
and if made accessible by railroads, their coals may become valuable. 
Prominent among these outlying fields is the Hamilton township basin, 
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about which much has been written in earlier reports. There is no 
doubt that a thin seam, seldom exceeding 30 inches in thickness, 
occupies several thousand acres in this township, possessing as much 
steadiness as is to be looked for at this horizon. Analysis does not 
entirely confirm the claims that have been made for the Gilliland coal. 
As sampled by Mr. Brown and analyzed by Professor Lord, it shows 
the following constitution. It may be added that the appearance of 
the coal corresponds in every way to these results.: 


Gilliland or Canter Coal—Jackson Township (Lord). 


MOiSture.......cccccrceccccececcccce coccccccvevcccccvcscoccccscccesccccsccccscssecccvcsscceces 7.04 
Volatile combustible matter ..........cce.sesessee acevccececescccccccccvcccsosscssceces O7.89 
Fixed carbon.......... lececcccessecccevccccccesccccecececccsccccccnccccccccecscccerescoscoss 44.09 
Ash ... cesccsreescscccccccccccccccccccevcccene soscceser coccevccscncccececcosscaucccccccsscevccees: 10.98 

Total.......ccccccccocccvccccccscecce socses coscesccccccsoncesccseccccsesescesesccscecsceces 100.00 
Sulphur... ,.........0cseccsevcccecscscsccccccssesene sansanrnunen soseas sssesccsccessscnsescoess 1.19 


A general outline of the Wellston coal field is given in the map 
that accompanies this chapter, but the sinuosities and wants of the field, 
due to erosion, are not represented in this outline. The map is designed to 
show the limits within which all the fairly workable portions of the 
seam, so far as known, are included, but it must be distinctly under- 
stood that the seam is not present in all of the area devoted to it upon 
the map, and also that it may be psesent in areas where not represented. 


SECTION IL—THE JACKSON SHAFT COAL, AND THE WELLSTON 
COAL FIELDS. 


By Anprew Roy. 


The Jackson Shaft Coal Field. 


The Jackson Shaft coal is the lower bed of the State series. It is 
not so persistent a seam as those lying above it, but it is widely and 
favorably known as a furnace coal of great value. It lies in basins or 
troughs of somewhat limited extent, which seem to have been scooped 
out of the conglomerate rock and underlying Cuyahoga shale anterior 
to the deposition of the carboniferous accumulation from which the coal 
is derived. 

This coal is found in its best development in and around the village 
of Jackson, 40 to 90 feet below the surface. : It was discovered in 1863 
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by a party of drillers who were boring for salt. A local shaft was put 
down to test the thiokness and quality ofthe coal. It proved to be 4 
feet thick, to belong to the dry-burning family of coals, and it soon 
attracted the attention of capitalists, among whom was the late Gov. 
David Tod, of Brier Hill, from whose farm the famous Brier Hill coal 
of the Mahoning Valley derives its name. Mr. A. S. Kyle, of Youngs- 
town, was one of the first to pronounce favorably upon the iron-making 
qualities of this coal. 

The Jackson Shaft coal extends through portions of Lick, Coal, 
Liberty, Scioto and Hamilton townships, in an irregular line, for a dis- 
tance of 15 or 16 miles, its width varying from # mile to 4 or 5 miles. 
It is disposed on a very irregular floor, and is frequently wanting where 
it is due. It is met above water level in each of the above townships, 
but is nowhere mined with vigor, except in the township of Lick, tin 
and around the village of Jackson, the county seat. 

There are 6 mines in operation in Jackson, all shafts or slopes, 
varying from 40 to 90 feet in depth. The coal varies from 3 to 4 feet 
in thickness, and is mainly used in the blast furnaces of the district. 
Four of the mines have blast furnaces erected in connection with the 
shafts, and the coal from two of these mines is delivered directly from 
the shaft into the furnace stock-house. Two mines rely exclusively on 
shipping for trade. The following are the names}of the mines, together 
‘with the names of the operators of the same: 


Name of Mine. Name of Company. 
Star Shaft ...........000-ssossccsssssscessccccecs nsuunmernene Star Furnace Co. 
Huron Shaft........ccccccscocssccscee cons sosccescesescoees Huron;Furnace Co. 
Tropic Shaft ..........cccccssccscccccccscccccecnsccecccocses „ Tropic Iron Co. 
Globe Slope.........sscsssssssssssscnsccsescesseescsesesesess Globe Iron Oo. 
Kyle Slope.......ccccscccsccce vosceccacces scneessorecccoesscens ‘ Kyle, Shotts & Co. 
Eureka Shatft......... .... .ensnsnsonenssnansonnnsnnnssunsanene J. A. Long & Co. 


The four blast furnaces at Jackson, which draw their fuel from the 
Jackson Shaft coal, are: 
The Star Furnace, supplied from the Star shaft. 
The Huron Furnace, supplied from the Huron shaft. 


The Fulton Furnace, supplied from the Globe slope. 
The Tropic Furnace, supplied from the Tropic shaft. 


The Kyle slope and Eureka shaft ship along the line of the Ohio 
Southern Railroad, reaching out to Toledo, Dayton, Springfield and 
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other markets. J. A. Long & Co. also send part of the product of their 
mine, the Eureka, to Ironton, for furnace use. 

The first furnace built at Jackson, called the “Orange,” was erected 
in 1863. This furnace has not been in blast during the past 10 years, 
but is still standing. . 

The Star Furnace, which was erected in 1866, is one of the most 
successful of the county. Last year it made a fraction less than 7,000 
tons of metal, the daily product of the furnace, when running, being 
about 21 tons. The average amount of coal used daily was 1,460 
bushels, or 58 and 3% tons, besides about 4 of Connellsville coke. This 
represents the daily output of screened coal of the mine, none being 
shipped to market. 

The Star shaft is 50 feet deep; the coal varies from 8 to 4 feet in 
height, receding below 3 feet on the hills in the mine. The coal is a 
homogeneous mass. The mine makes a little fire-damp, and has done so — 
ever since it was opened. 

Owing to the irregular floor of the coal seam, systematic mining 
cannot always be followed, the hills and hollows encountered perplexing 
the mining engineer. Four pumps are used in the Star mine to drain 
the workings of water, the aggregate capacity of which is 500 gallons 
per minute, and they are all run day and night. The size of the shaft 
is 8x16 feet, divided into three compartments, two for hoisting and one 
for pumping and for the ingress and egress of the miners in sase of 
accident. 

The Tropic mine of the Tropic Iron Co. was formerly located along 
side the blast furnace, but in December, 1879, the workings were inun- 
dated with water, the roof having given way in a room driven directly 
under Salt Creek. The water was pumped out, and the fallen area 
filled with clay and furnace ‘cinder. In 1880 the roof again gave way 
under Salt Creek, and the workings were again filled up. The mine 
‘was a second time pumped dry, and the course of the creek changed, 
but the proprietors, dreading accident, abandoned the workings alto- 
gether in 1882, and located a new shaft $ of a mile east from dangerous 
excavation. The Tropic Iron Co., in thus voluntarily abandoning a 
dangerous mine rather than run the risk of sacrificing human life by an 
inundation of water, is deserving of special mention. Such disinterested- 
mess is rare indeed. 

This new shaft is 98 feet deep. The workings make fire-damp, 
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though not copiously. The coal is of the same quality and thickness 
as that of the Star mine, and the floor promises to be equally irregular. 
This mine also discharges a little fire-damp. 

A switch has been built to the new shaft from the Horse Creek 
branch of the Ohio Southern Railroad, and the mine and furnace are 
thus connected by railway. 

Raw coal is used in the Tropic Furnace in the reduction of ore, 4 
tons of coal being required on an average for every ton of iron made. 
This mine produces coal for the use of the furnace only, the daily pro- 
duct of the mine being 70 tons on the average. 

The Fulton Furnace, erected in 1868, is owned by the Globe Iron 
Company, and receives its supply of coal from the Globe slope, situate 
half a mile distant. This slope, which was sunk in 1865, had a blast 
furnace built in connection with the mine, but in 1876 the furnace was 
burned down and was never rebuilt, and the output of the mine has 
ever since been used for the supply of the Fulton furnace. The coal 
is hauled from the mine to the furnace by teams. None of the coal is 
shipped. 

The workings of the Globe mine are irregularly laid out, owing to 
the depressions and hills which forbid the adoption of symmetrical or 
systematic plans. The coal falls below three feet on the hills, and 
recedes to 4 feet in the swamp of the mine. 

The Huron shaft, which was sunk in 1875, supplies the Huron 
furnace with fuel. The furnace and shaft were finished at the same 
time; the depth of the shaft is 70 feet ; the coal is of the same general 
quality and thickness as the mines already mentioned. No coal is 
shipped from this mine, it being used exclusively in the furnace. The 
workings of the coal mines are suspended much of the time. 

The two shipping mines, the Eureka shaft and the Kyle slope, do 
’ not rely on any of the blast furnaces of the county for a market. The 
capacity of these mines is about 150 tons per day, but they could readily 
be raised to a capacity of 250 or 300 tons if the necessities of the coal 
trade required it. The coal in each mine is good, of the average thick- 
ness of the district; it mines in larger masses; it is of inviting appear- 
ance, and as a furnace fuel, of good quality, but as a shipping coal the 
demand for this seam is limited. It contains too large a per cent. 
of ash to make it a favorite for house fuel or for the generation of steam 
so long as the finer grade of the Wellston or Coalton bed can be had at 
the same price. . 


/ 
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Along the line of the Ohio Southern Railroad, two and one-half 
miles west of Jackson, several mines have been opened in this coal for 
shipping purposes, but they have been at best but feebly operated. The 
coal rises above the valley, and is accessible by drift mining. Its 
average thickness is a little over three feet. 

The composition of the Shaft coal in Kyle, Shotts and Co.’s mine 
is shown in the accompanying analysis, made for the Survey by Profes- 
sor Lord. The samples were taken by Mr. C. N. Brown from the loaded 
cars at the mine. 


Jackson Shaft Coal (Lord). 


Moistur® .......00 cseccsccccsccccccccecccceccccscusccccccssccscescsccccscccccsccccccossecccess 8.57 
Volatile combustible matter ............csscccsssccescoccsscccssscesecsoeses ssssscseeee 82.70 . 
Fixed carbon .......cc.cecsecssceses pes encceccccces ces vocecccce scones ccscse conceccce secses „ 65.48 
Ash .........ccscece peececes sescccceccascescesccscucccccescveeas ses veeces ceesecesecercacenscovees 8.30 
Total .......cccccceccccccscccncccccccsccsscccccsscccecccces -sosscs covnessecscenccepeccses 100.00 
Sulphur ............cccsccee sccevcsescescerecsons doe sansnnuns seceenecs casenvecesovensonsrecees 0.47 


These figures represent the seam at its best and mark a coal of the 
highest grade. The only drawback consists in the high percentage ot 


water, which is one of the characteristics of the coal. 
f 


The Coalton or Wellston Field.—Jackson Hill Coal. 

The Wellston or Coalton coal was discovered in 1872 by the Hon. 
H. S. Bundy, of Wellston. He was drilling for the Jackson Shaft coal 
at the time, and was under the impression that it was this seam he had 
discovered, a view shared by all the practical men of the region. This 
coal is present in the hills surrounding the village of Jackson, but is 
quite thin, measuring from 20 to 30 inches. In its progress north and 
east, it gains in thickness till at Wellston, 7 miles north-east of Jack- 
son, it rises to 4 feet. It proved, like the Jackson Shaft coal, to belong 
to the same family, being dry and open-burning, and adapted for furnace 
use as it comes from the miner’s pick. So well assured were the prac- 
tical furnace men of this region in regard to the quality and open- 
burning character of this coal, that the Milton Furnace and Coal Com- 
pany erected their stone coal furnace at Wellston before any practical 
test of the coal was made. 

The Wellston seam extends through the same townships as the 
Jackson Shaft coal, but covers a greatly larger area, though it is not 
always met of mineable thickness. The floor of the seam is compara- 
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tively level, though arches are occasionally encountered in mining which 
rise to 25 and 30 feet in height. The coal gradually loses in thickness 
in ascending these subterranean hills, but it bravely holds on and dips 
to its normal level without break or want in its continuity. 

This seam is due in the hills surrounding the village of Jackson 
150 feet above the Shaft coal. Itis 2 to 2% feet in thickness, and 
is mined for local consumption only. Asa house fuel it is greatly 
superior to the Shaft coal. At Coalton, 4 miles north of Jackson, its 
average thickness is three feet; at Wellston, 4 miles east of Coalton, it 
is 4 feet thick. 

A branch of the Ohio Southern Railroad, known as the Horse 
Creek branch, extends from Jackson to Wellston, passing up Horse 
Creek to Coalton in a northerly course, thence changing to the east along 
Pigeon Creek. The Toledo, Cincinnati and St. Louis Railway inter- 
sects the Ohio Southern at Coalton, thence runs along side of the Ohio 
Southern to Glen Roy, two miles east of Coalton. At Glen Roy, the 
roads diverge, the T. C. & St. L. curving southward. They again con- 
verge a mile south of Wellston on the Portsmouth branch of the Cin- 
cinnati, Washington and Baltimore Railroad. A branch of the T. C. 
& St. L. extends from the Wellston to Buckeye Furnace and to the 
cannel coal mines on Coal Run, in Milton township. 

The seat of the coal mining industry of Jackson county is located 
on the Horse Creek branch of the Ohio Southern Railroad, between 
Jackson and Wellston, and on the Toledo, Cincinnati and St. Louis 
road between Coalton and Wellston. 

On the Horse Creek road, between Jackson and Coalton, there are 
five different branches or switches on which mines are opened on the 
Coalton coal, namely, the Price branch, the Springfield branch, and the 
Eagle branch, situate on the west side of the road, and the Chapman 
branch and Ada branch on the east side of the road. These branch 
roads extend up the ravines which open into Horse Creek, and range 
from 300 yards to one mile in length. The following are the names of 
the mines and names of operators of the same on the respective 
branches: 


West Side.— Price Branch—3 Mines. 


Name of Mine. , ' Name of Operator. 
Newport Mine ..........csccescssecsesteecssces soreessaeees Newport Coal Co. 
Price Mine .....cccccscccsseee. ccsevececsceseecerccemneeses, Price Bros, 
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° Springfield Branch—4 Mines. 
Lively Mine.............cccssssesecscessecer scones sesscosnees John O, Evans. 
Wa rth Mine ............csccccscsccescnscscscccones coe seeses Mohler & Kissinger. 
Springfield Mine. .............csscccsceesccesscosseveveces Springfield Uoal Co. 
Forest Mine........ ...sssscsccsssssssvessceseoes ne ee 
*Chapman’s Mine........... ce ssserecesercseeccsceones + H. L. Chapman. 

Eagle Branch—1 Mine. — 
Eagle Mine ........cc0. cccssssscsssssssececsee cesses sesees „ Eagle Coa} Co... 
Swe Fak, 


East Side.—Chapman Branch—1 Mine. 











Chapman Mine ...........0cc0ssceccses svonssccsscsccsecees H. L. Chapman. 
Ada Branch—6 Mines. 

Ada MinG........cerecrcscccsceccccscrscecsccessvesewecscoess Hall Coal Co. 

- Blope Mine.........ccccccrcossessseecsecees sonsasssvccecesees Mohler & Kissinger. 
Wilson Slope............. PRDDURPPUPEITELEILTEETTEEDEITTFFTE 
Indiana Mine ............csccsccccccccescccccccccnce secess „ Drew & Wasson. 
McKitrick SlOpe.......ccscsecescoccccscees cosees sscnscecses McKitrick Bros. 
Hard Shaft ............ssccccsssscsssscecscsevesecceees saves Hurd Coal Co. 


All the mines opened in the Price, Springfield, Eagle and Chap- 
man branches are drift or level-free mines. On the Ada branch the 
Ada mine only is level-free. Of the other 5 mines 4 are slopes, and 
one, the Hurd, is a perpendicular shaft. 

The coal is nowhere on this branch more than 30 feet below the 
surface. 

The average thickness of the coal on these branches is about 
33 inches; the thinnest coal being found, as a rule, to the south and 
west of the belt. As the coal loses in height it seems to gain in 
quality. 

At Coalton, the point where the Ohio Southern and Toledo, 
Cincinnati and St. Louis railroads meet, nine different firms are mining 
_coal, some of whom have 2 or 3 openings in operation. South and 
west of the village the coal is above drainage, but half a mile west, 
on Pigeon Creek, it plunges under the valley where the old Hamden 
road crosses the railroad. East of this point all the mines opened in 
the Coalton or Wellston coal in the county are reached by shaft 
mining. ' 

The following are the names of mines and operators in the Coal- 
ton distriet: 


*This mine is on the main branch. 
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. Ovalton Minea. 
Wilson’s Mine...........oesuessonoansanssenunonones secscccsecece - John Hippel. 
Hall’e No. 1 and 2 .......enossnosunnuonunsunnonsnesuusosnnonene „ John Hall. 
Morgan & Jones, Nos. 1, 2 and 3 ...........000 savececscess Morgan & Jones. 
Kelley Mine...........ssccccsercscecscsecsescecccscees NEPFRRPFFERER Kelley Coal Co. 
Western .......scsscceoss Gros ccescceessecces cocsseces nennnne wessen. Western Coal Co 
Sterling ............sccssccsssccccsccereccccecssccnsesencesens sees . Sterling Coal Co. 
Southern Ohio, 1 and 2.......sesersonzonennsannnnnnnnnnnnnennen 8.0.0. & I. Co. 
Garfield Mine ......... .....se000 Sonsnnussnarunsnnsnnne secceerees Garfield Coal Co. 
Cannel Bank ......ccccsccossecccvee: cecsscee sessecsesneenecas os Adam Scott. 


The Cannel mine, as its name indicates, is opened in cannel coal. 
The cannel appears here as a local deposit of only a few acres in 
extent. It is the Coalton seam, locally replaced by a formation of 
cannel. Sometimes the whole seam appears as cannel, but generally 
the lower part of the bed retains its bituminous character, about one- 
half being cannel and one-half ordinary Coalton coal. On the opposite 
side of Pigeon Creek and in the mines opened abdve and below the 
cannel bank, the cannel is absent. 

A mile north-east, however, the cannel comes in again and spreads 
itself over an area of several square miles, but it is, so far as known, 
of very inferior quality, being in fact nothing more than bituminous 
shale. A foot of the lower part of the seam is, however, bituminous 
coal of good quality. 

The average thickness of the Coalton mines is a little less than 
three feet ; occasionally the seam swells to four feet, and sometimes it 
recedes considerably below three feet. 

At Glen Roy, two miles east of Coalton, the point where the two 
railroads diverge, 3 mines are opened and another will be sunk during 
the summer. The mines now in operation are: 


Standard ............ccccccccccccccssne socesececccccescccceccccees Standard Coal Co. 
Emma ......cccsccccver cocces seccvccccseccas scscccvcncecnce ss Emma Coal Co. 
ÄCOFD .occcccccceccccces cncccscescccccscocececcccceccessscececers. Jones Coal Co. 


These are all shafts, varying from 50 to 80 feet in depth. The 
height of seam in the Glen Roy mines varies from 3 to 3% feet. The 
coal is well under cover in this field, and is nowhere cut out py ravines 

Two miles north of Glen Roy the seam runs into a bastard cannel 
or bituminous shale, and two or three miles south it seems to be re- 
placed by the same material near the village of Berlin. A mile or 9 
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south of Berlin, it recovers itself again, having been found of good 

mineable height in a hole bored on the lands of Samuel McShee on the 

Ironton branch of the T. C. & St. L. R’y. Itis here 117 feet below 

the surface, and was reported to exceed 4 feet in height. | 
There are 10 mines in the Wellston district, viz. : 


Name of Mine. "Name of Operator. 

Wellston, No. 1.........  .secccssvecsccscessees Wellston Coal & Iron Co. 
Wellston, No. 2.....cscccscscscersesssscvcccsces Wellston Coal & Iron Co. 
Milton......... was cnscecscescesecessoneccseessesonees Milton Furnace & Cos! Co. 
Eliza .......cecceees sosccvesscsvccsccsseccesseseccecs Eliza Furnace Co. . 
NO. 8 0.2... .ceseeccscoceee soscseees oo sees seseaecesere Southern Ohio Coal & Iron Co. 
Flubart!8 .....sccccccseesecces senses scccesccssccece Theo. Fluhart & Co. 
Meadow Run .......sccscccsvescccscccsscscoveves Meadow Run Coal Co. 
Comet .........seccscccscsces ssceeececeescssescccees Cin. Consol. Ooal Mining Oo. 
Center Valley ..........sccccsseees soscsvccocecees Drew & Wasson. 

Marphin’s .........00ccsscstcssccescesssconces os „ Murphin & Co. 


The above are all shaft mines, varying from 50 to 100 feet in 
depth. The coal is of an average thickness of three feet nine inches, 
occasionally falling to three and one-half feet and rising to four and 
one-half feet. The most easterly mines contain the thickest coal. 

The Wellston Coal and Iron Co., the Milton Furnace and Coal 
Co. and the Eliza Furnace Co. have blast furnaces along side of their 
mines, which receive their supply of coal from this seam. The 
Wellston Coal and Iron Co. have two blast furnaces, both located at 
their Number 1 shaft. These mines, in addition to furnishing coal for 
their respective furnaces, ship considerable coal over the Ohio Southern 
and the Cincinnati, Toledo and St. Louis Railroads. All the other 
mines of the district rely exclusively upon shipping. 

All the coal of the Wellston or Coalton district, in which there 
are 41 mines in operation, is drawn from the same vein. The coal is 
remarkably uniform in character and thickness. As will be observed, 
in | following the line ‚of mines from Jackson to Wellston, the seam 
gradually gains in? height, rising from 2$ at Jackson to 4 feet at 
Wellston. At the south-west endsof the region the coal is noted for 
the small amount of ash it contains—frequently less than 2 per cent. 
of the whole. To the northfand east, as the coal thickens, the amount 
of ash increases to 5 and 6 per cent. 

The seam is a homogeneous mass, and is met under a firm cover of 
blue shale which forms an excellent roof, and is underlain with a soft, 
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fire-clay floor. West of Wellston the roof shale is replaced by a mas- 
sive bed of sandstone over a considerable area; and at the Murphin 
mine the sandrock has cut down into the coal, forming a horseback. 
With the exception of this fault, which is merely local, no other mining 
trouble has yet been encountered in the region. 

This coal, like the Jackson Shaft coal,. belongs to the family of 
open-burning or furnace coals. It is, however, of a rather tender 
nature, and is not fitted to bear a heavy burden in the furnace. In the 
process of mining, fully two-fifths of the coal is converted into nut and 
slack. This large per cent. of nut and slack, however, is not all made 
by reason of the tender nature of the coal, part of it being the result of 
the unskillful manner in which the seam is mined. The operators of 
the region exercise no concern in regard to the practical skill of their 
miners, in employing them, as the nut coal, for which the miner is paid 
nothing, is of nearly equal value in market to the lump coal. It is to 
the miner’s interest to make as much round or lump coal as possible, ss 
he is paid for lump only, but unskillful workmen never succeed in turn- 
ing out as large round coal as the trained miner, accustomed to under- 
ground life from early boyhood. Of late years the art of digging coal 
has degenerated in Ohio, more reliance being placed upon blasting- 
powder than formerly. Coal is often blasted out of the solid and shat- 
tered into small, in a reckless and shameless manner, without any cause 
save that of the carelessness of the miner. 

The aggregate annual capacity of the mines of the county is 
1,200,000 tons; the product of the mines for 1883 has been estimated 
at a little over 400,000 tons. During the summer months there isa 
great falling off in the trade. 

This coal has been rapidly finding a market in competition with 
our best Ohio and Pennsylvania coals in all the great coalless regions, 
west and north. Last year it was successfully introduced on the lake 
(Erie) as a steam coal, 30,000 tons being used for this purpose; during 
the present year the lake trade will double that of 1883. 

At several of the mines three gradeg of coal are made, viz., lamp, nut 
and pea. The size of the screens is: for lump coal, 1} inches space 
between screen bars; for nut coal, $ inch between screen bars; the pes 
coal is made by screening the refuse or slack, which is raised intos 
revolving circular screen by a self-loading elevator and sifted of fine or 
dust coal, the fine coal falling back to the ground, whence it is hauled 
away as refuse. 


f 
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As the coal seam is remarkably free from impnrities of every kind, 
the nut and pea coal of this county has no superior and perhaps no equal 
in Ohio or adjoining States. 

The composition of the Wellston coal is shown in the following 
analysis made for the Survey by Professor Lord. The sampling was 
done in all instances by Mr. C. N. Brown: 


Analysis of Wellston or Coalton Coal (Lord). 
1. Wellston Coal and Iron Co., shaft No. 2. 
2. Southern Ohio Coal and Iron Co., Coalton. 
8. H.L. Chapman’s New Mine, Section 9, Lick township. 





It will be seen that the high reputation of the Wellston coal is 
fully justified by the results of chemical analysis. 


The Manner of Mining. 


The mine shafts of the county are rectangular in shape; they are 
generally made 8x16 feet. None of the shafts exceed 100 feet in depth; 
the cost of sinking does not usually exceed twelve dollars per foot. 
The drift or clay material down to rock or shale is timbered with plank 
three to six inches thick, laid skin-tight. The underlying walls of rock 
or shale stand in place without support. 

The horse-gin is generally used for hoisting the debris of the shaft ; 
little water is ericountered, and with three good workmen in the pit at 
once, in shifts of eight hours, an average of 3 feet in 24 hours can be 
excavated. Greater headway is made in slate than in sandrock, as the 
former blasts better, and the sides of the shaft are more easily dressed. 
After the coal is reached, subterranean work is suspended until the 
hoisting machinery is raised. The shaft frame is made of 10-inch tim- 
bers, 32 to 36 feet in height; it consists of 4 timbers, planted one at each 
corner of the shaft; the landing for delivery of the loaded cars is made 


> 
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22 to 23 feet above the mouth of the pit; the pulley wheels are placed 
on top of the frame; the tipple is 27 to 35 feet from the landing; the 
hoisting engine is usually set on the side of the shaft opposite the tipple 
within 10 feet of the shaft mouth ; sometimes it is located at the end of 
the shaft. ° 

A great variety of hoisting engines is used. Double engines are 
preferred to single ones. Crane Brothers’ hoist and safety cage is, 
perhaps, the best and safest. A single flue boiler suffices for the 
generation of steam to do the hoisting and pumping. All the pits have 
double hoisting compartments; a loaded car being raised on one side 
as an empty one is lowered on the other side. The hoisting compart- 
ments occupy 12 feet of breadth, leaving 4 feet, which is set apart for 
pumping water and frequently for an upcast ventilating compartment, 
the exhaust steam from the steam pump at the bottom of the shaft rare 
fying and giving motion to the upward current. The engine hous, 
shaft and dump house are enclosed under the building. A hopper set 
of weigh scales is placed at the end of the screen, and the lump coal in 
passing over the coal is caught in the hopper and weighed before it is 
delivered into the railway flats. 

None of the shaft mines, except the Corse slope of the Southern 
Ohio Coal and Iron Co., have costly or elaborate machinery or other 
' arrangements for lifting and dumping coal. Ten thousand (10,000) 
dollars will fully equip a mine, including the cost of sinking, as mine 
are operated in Jackson county. 

The weight of loads raised through the shaft is from 1,000 te 
1,800 pounds. Three hundred tons per day, at the best regulated shaft 
mines, constitute the shipping capacity of lump coal. 

The slope mine of the Southern Ohio Coal and Iron Co., which 
has very costly and elaborate arrangements for handling coal, has a 
capacity of 600 tons per day. 

Two plans are followed in working the mine, one by driving 
double entries, and the other by driving single entries. Only thos 
mines in which the height of coal reaches 4 feet, work by the double 
entry plan, and not all of them do so. The new mine of the Wellstor 
Coal and Iron Co., the Corse mine of the 8. O. C. & I. Co., Fluhart’: 
mine, the Center Valley mine and part of the workings of the Milton 
Furnace mine, all in the Wellston district, work by double entrie. 
The parallel entries, each 8 feet wide, have a pillar 3 to 4 yards in 
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width left between them, which is cut through every 40 yards or less 
for air. The rooms are driven 70 to 80 yards, and extend both north 
and south, meeting in the middle. They are made 8 yards wide, a 
pillar of 3 to 4 yards being left between them for the support of the 
superincumbent strata. Break-throughs are made between rooms at 
intervals of 25 to 30 yards. 

In the Coalton district, instead of driving double entries, one 
wide entry is made, and the material which is shot out of the roof to 
make height for the hauling roads, is built up on one side of the track, 
leaving a hollow space next the pillar to serve as an air-course. By 
this plan a saving is had in entry driving, and the air is made to play 
along the entry face at all times. Asa temporary expedient this plan 
does very well, but after a few months the loose building of shale 
begins to settle and the air to leak. 

Where single entries are driven, doors are placed at the mouths 
of rooms and break-throughs made between runs as soon: as they are 
turned, for the purpose of getting forward air. These doors are never 
air-tight at best; they are frequently left open ‘by the carelessness of 
the miners themselves, and bad air is found at the working faces of 
‘the mine. 

The system of working with double entries, if systematic per- 
fection in ventilation be desired, is greatly to be preferred over single 
entry work; but the latter method is cheaper than the former, and 
economy in mining has too often the first claim upon the managers of 
mines, as against the health and comfort of the miners. 

In the majority of the mines of Jackson county, the undermining 
or huling is made on the top of the coal. This part of the seam is 
tender and friable, and is more rapidly cut than the bottom part of the 
bed, which in many of the miners’ working places is a hard, unyield- 
ing bone coal. The undermining is made four to five feet deep, and 
powder does the ‘rest; powder, in fact, is too often used to do the 
undermining also; though always unwisely. Three shots are ordinarily 
required to a room of 8 yards in width—one center and two rib shots. 

In the four-foot coal mines, mules enter the rooms and haul away 

‘the coal. Where the seam is less than four feet, pushers, consisting of 
active young men, are employed to push the loaded cars from the 
room faces to the hauling roads, on the entries. These hauling roads 
are made four-and-a-half to five feet in height above the rail, a foot or 
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so of the roof being blasted out for this purpose. The roof in the 
rooms is never ripped, no matter how low the coal may be. A mule 
takes 4 to 6 loaded cars with ease along a well-laid and properly graded 
track. One of these animals, four-and-a-half feet high, will haul 20 
tons per day over roads a mile in length. A pusher will push 12 to 
15 tons, the amount of coal moved depending on the distance from the 
working faces of the miners to the hauling roads of the mules. 

The main roads of mines are laid with “T” iron, 8 and 12 
pounds to the yard, the 8-pound rail being chiefly used in the yard 
coal mines and the 12-pound rail in the four-foot mines. Wooden 
rails are used in all the rooms; they are often made of scantling, 2x4 
inches, laid flat ways and nailed down on cross-ties, 1x6 inches, made 
of oak plank. 

The width of the track varies from 2 feet 8 inches to 3 feet 3 inches, 
according to the taste of managers. 

The miners in the Coalton district are paid 5 cents per ton more 
for digging than in the Wellston district and at Jackson, the price in 
the latter districts being the same as that of the great iron region of the 
Hocking Valley. The prices ruling during the past two years at 
Wellston were 80 cents in winter and 70 cents in summer. An average 
of 22 cents per ton in addition to the price of digging is required for 
the payment of day men, that is, haulers, pushers, tracklayers, dumpers, 
weighmaster, ete., etc. 


SECTION IIL—MINES OF JAOKSON COUNTY ABOVE THE HORIZON OF 
THE WELLSTON COAL. 


By Epwarp ÖORTon. 


The Jackson and Wellston coal fields having been treated in a 
separate section, it would require but few lines to describe the remaining 
mines of the county, if only those were coneidered that contribute to 
the general market, but the policy already adopted will be continued 
here, and a brief review will be made of the apparent possibilities of 
the field, as well as of its actual and very feeble present development. 

The seams which are found in the county have been already 
enumerated on page 994, and, in the account of Vinton county, all 
those that are of workable volume have been briefly characterized. 
The description of the Vinton county seams applies with but few 
changes to the seam of Jackson county. 
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The numerous blast furnaces of the county have brought it about 
that the seams of ore are much more widely worked and much better 
known than the coal seams. The former therefore dominate the sections, 
and the measurements are commonly made from them. 

Two ore seams in particular constitute the chief guides for inves- 
tigation as well as the chief bases for measurement, viz., the limestone 
ore carried by the Ferriferous limestone, and the Franklin or Big Red 
Block ore, which lies about 100 feet below it. The order of the coals 
is as follows: | 


(Above) 120-150 ft., Upper Freeport coal, No. 7. 
65-90 ft., Lower Freeport coal, No. 6a. 
85-70 ft., Middle Kittanning coal, No. 6. 
10-20 ft., Lower Kittanning coal, No. 5. 


Ferriferous Limestone Ore. 
(Below) 0-15 ft., Clarion (Upper) coal. 


- 30-50 ft., Brookville coal, No. 4. 
Interval, 100-120 feet. 


Franklin Block Ore. 


(Above) 10-20 ft , Tionesta coal, No. 36. 
(Below) 0-20 ft., Upper Mercer coal, No. 3a. 
40-60 it., Lower Mercer cal, No. 3. 


Two or three measured sections are here inserted to illustrate the 
geology of their general districts. . 

There are a number of elements well shown in the immediate 
vicinity of Madison Furnace. The order is as follows: 


Coal blossom and clay, Lower Freeport, No. 6a. 


Sandstone, soft, yellow, massive, Freeport.........ccsccccesseoees 17 feet. 
Coal, Middle Kittanning, 12 to 14 inches, No. 6.........cscsscsscoes ssceeees 1 “ 

White clay and sandy shales with kidneys of ore............... 16 “ 
Coal, Lower Kittanning, No. 5, 12 to 82 inche............cccscorsseeesseoes . 1 * 

White clay, drab shales .............ccscccescnssccscsvcesccessececssceeees 22 “ 


Ferriferous limestone, with its ore. 
Coal, Clarion, 3 to 5 feet, below limestone. 

Hecla sandstone, massive and constant. 

(Furnace cut out of solid rock). 


At Keystone Furnace the following section was obtained : 


Sandstone, 20 feet, seen. 
Coal blossom (Brush Creek, No. 8) .............. lances suaees coceceeeesecccesnscoees 238 ft. 
Interval, not seen. 


65 G. 


2. ee 
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Ore bench, small..........ccccscosscccssccsccesee soscce sannenuunsennnennnsuennsonsnnnnensee 190 ft. 
Red CRY ......00.cescsccsscoesccsssscecccsccccscsensctesseccec cesses seceseees soeves 10 ft. 
White clay ..........1.scscsscsccsscesses sscceces IEPPPFPFPEPFPFEFEEERFEEREERERRER 10 ft. 

Buff limestone (Dugway ore?) ........sessnoenonunnunnnnnononsnannnensonnnnnennnnnen - 160 ft. 
Interval, not seen. 

Ore bench and buff limestone ........seessssonnennuesununnunsennan nennen sennnenennen 140 ft. 
Upper Freeport horizon. 

Sandstone, massive, Upper Freeport, 50 ft. thick...........ccccsssesecsecesees 9 ft. 

Ooal, Lower Freeport, Ba .......0..csececcccccsccssccescccsevereces sasccesescesccsseners 90 ft. 


Interval, not seen. 
Coal, Middle Kittanning, No. 6. 


Clay and shale. . 
Sandstone, massive, 25 feet thick ........ sccscccsscecsrscsssescscses tecccsceecseves 30 ft. 
Coal, Lower Kittanning, No. 5 (23 teet).............ccscsssccecces ccosansoncccees - 27 ft. 
Clay and shale. 
Ferriferous limestone ......... Innasssar essen senses sccsences an nsnsenssumsssesunusnuenee O ft. 
Coal, Clarion. 


Sandstone, Hecla, out of which furnace is cut. 
Brookville coal, 2% feet, 50 feet below limestone. 


The two lower seams of the list of coals above given are not known 
to have any economic value in Jackson county. The Lower Mercer 
coal is scarcely more than a mark, especially from the central portions 
of the county southward, and the Upper Mercer, though fairly per- 
sistent, seldom reaches a thickness of more than 16 inches. . 

The 3rd, 4th and 5th seams of the list, viz., the Tionesta, Brook- 
ville and Clarion seams are of great value here as in Vinton county. 
Of the seams above the Ferriferous limestone, the 2nd and 4th are 
those of which present account is mainly taken. The Lower Kittanning 
coal, however, often reaches mineable proportions, especially in the 
southern part of the county. | 

The Lower Freeport is also worked in a few farmers’ banks. 


The Upper Freeport Coal. 


Not much more can be said as to the actual development of 
the Upper Freeport coal, but its possibilities seem greater. Lying 
high in the scale, it holds but small areas in the county, being found 
only in the hills of Bloomfield and Madison townships. It is here 
known by various local names, as for example, the Lucas coal and the 
Ferry coal. The latter is found in Section 23, Bloomfield, with a 
thickness of 5 feet 2 inches. It is not certain that this seam belongs 
to this horizon, but the probabilities are in favor of this reference. 
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As to the Lucas coal, Mr. Roy describes it as a homogeneous bed, 
varying from four to six feet in thickness, melting in burning and thus 
making a hollow fire. It is a bright coal, of excellent appearance, and 
certainly deserves more attention than it has yet received. This seam, 
as will be borne in mind, is everywhere found in local basins, some of 
which constitute very valuable coal fields of themselves. Such a basin, 
as yet undeveloped, is known to exist in Gallia county, in the vicinity 
of Waterloo, and the well-known Bayley’s Run seam, of Athens 
county, occupies another basin. A considerable area of coal, as thick 
and good as the Ferry and the Lucas banks, would add largely to the 
value of this field. The region in which it is to be looked for is some- 
what inaccessible, and has not as yet received even the ordinary 
development of a country coal field. 

The Lower Freeport seam, which ranges from 60 to 90 feet 
above the Ferriferous limestone, does not, so far as known, exhibit 
promise of supporting mines. 


The Middle Kittanning Coal. 


The Middle Kittanning seam, No. 6, of Newberry, is known 
in Jackson county by its southern name, viz., the Sheridan coal. 

It is also known as the Washington Furnace seam. It lies 35 
to 60 feet above the Ferriferous limestone. It is almost everywhere 
present, but its thickness often falls below fairly mineable proportions. 
It has as little value in Jackson county as in any county of the State 
that is traversed by it. It generally consists here of two benches, 
separated by a foot of fire-clay. This mark is characteristic for this 
region, as was first pointed out by the late Dr. L. W. Baker, to whose 
investigations a large part of our knowledge of this field is due. The 
benches of the coal seem to represent the middle and upper benches 
of the Nelsonville and Carbondale seam, the lower bench having en- 
tirely disappeared. Generally, the upper bench is not marketable 
coal], and thus it often results that only the middle bench of the seam 
is taken out. The poor quality of the upper bench is altogether what 
would be expected from the character of the seam as traced through a 
half dozen’ counties. The middle bench has a thickness ranging 
between 2 and 3 feet, and it is, in almost all instances, of excellent 
quality. | | 

Mr. Roy furnishes a seotion taken on the Keystone Furnace lands 
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ip Bloomfield township, in which a thickness of 6 feet is assigned to 
this seam. The section is an excellent one, and if fairly representing 
any large area, would ensure an excellent coal field. It is given below: 


Shale ........sccsccseccescosscccerencessecsccssssscscsssesces 4 teet. 
Upper bencb.............csccscccsssseesceees sense cceees ~ & * 
M. K. coal 4 Fire-clay partimg..........scccesscccscsescoeeees num L “ 
Middle Den ch..............cccscsccsssscccscssnscccesesees 3 “ 
(Lower bench of seam wanting.) 
Bottom clay........ersesnoconennnonen sevecccccsce sosee soscucsccccessccorecs 8 “ 
Shale .......ccsscssecccces: cones ccescececcccensccscssveccesscnses snares cesses ces 8 “ 
Kittanning Sandstone. .......0.scsscssecssceccccsvcsccsces sauna renseneee 24 “ 
Upper bench.. ........ csccesscccccsceccccssensreenssesees 8 feet. 
L. K. coal | clay PATTING ........0000 sercccecs suanannenane sosseeces une 0 “ 2 inches. 
Lower bench ..... .....csccsccsscsesccessceses nennen we 1 
Bottom clay............. de seeees dcesesser cece PLLPEPPPEBEPRRERSPEFRERFURRFERE 13 “ 
Sandstone. ........ccccesccesecceccos sscces scccscsce aonunennsonnnssunusenuene . & 
Fire-clay ..........sccccsccoccee. sosccecccnscccsenecensecnescccces sesuevscessees 8 “ 
Limestone OTE ........ssosssoesoonsnansonsunonnnnnnenen secsees BIPPPEPRPRRRR 1 “ 
Ferriferous limestone...... ......ccccsseescvccccesscceve sannnnannnunenn . 7“ 
Black slate..........2000000000 ennenononsunsnunnnsnonunnunoonennnennense ars . 14“ 
Gpper nen secceeccenees Levecscsececreccaces 1 foet. 
ar I be seasuasanonnsennonsnenannonsaranen “ 4 “ 
Upper Clarion coal Mi liad’ bench wnesevens: cvsnecsecccess secees cee i “ 1 
Lower bench oe 
Bottom Clay..........2..0ceesveccsccercoccesscccccccscescconen cererssesensens 2 * 


No other section has been reported in which the Sheridan seam 
shows a thickness of 6 feet in this county, but just beyond the county 
line, in Sections 18 and 19, Huntington township, Gallia county, two 
banks are open, about one mile apart, that show nearly the same thick- 


ness as that given, but the structure is seen to be different. 


These are known as the Deckard and Calhoun banks, respectively. 


The structure is as follows: 


Sandstone roof. 


Clay «2.2.2 rscrecccsssccccees secessecce annansansnnnsensannnnennsensnnsnnennennsnn 8 feet. 
Coal ......scrsccecescccscess seccscceaccence successes csccns cesses cccgeessones senses ceseceens ces 12 * 

Olay ...cccccesssscceescossecceceeceneccs sescens Oo see concescossseceesceses soeeee 2am 
Coal ........ Sansene ccancees seseeeseceenees cocenes os nascee concer acesceeses cocvcecvccconseesees 8 “ 


The Ferriferous limestone is exposed near Deckard’s bank, and the 
interval from top of limestone to top of coal is 63 feet. 


is as follows: 


The section 
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Coal—Sheridan sS@am............ccccccce cscs: cecescececonssscoeseesecens 6 feet. 
Clay and Shale ............ccsssececssscccsce sevessesecescceeces 6 “ 
Sandstone—Kittanning ...... .....-»uososensonssnsnuonnernne 28 “ 
 Coal—Newcastle seam—reported .........cccesssesorseessesereee os 8 “ 7 incheg. 
Clay and Shalle...........s..sccsnscsscsccecscsccserceee senceces 2 “ 


Ferriferous limestone—top of seam. 


The Lower Kittanning or Newcastle coal is preferred to the upper 
seam in this neighborhood. Wherever the limestone is found in this 
immediate district, it serves as a guide to the Kittanning coals, the lower 
of which is 15-25 feet above it, and the upper, 55 to 65 feet above. 

The valley of Little Raccoon deserves more attention than it has 
hitherto received. The facts given above would indicate that a coal 
field of at least moderate possibilities may be developed here. 

The seam is due in but three townships of the county, viz., in Mil- 
ton, Bloomfield and Madison. It is known to hold less than three feet 
of marketable coal throughout much of this territory, and sometimes it 
is but little more than a mark. This is especially true in the western 
part of Madison. It does not, therefore, seem probable that it can 
add much to the mineral wealth of the county, aside from the 
unusual development in the valley of the Little Raccoon Creek, 
already noticed. 

The Lower Kittanning coal, No. 5, of the old scale, is locally known 
in these three last-named townships asthe sandstone coal, deriving this 
designation from the fact that a massive sandrock almost everywhere 
covers it. A sandstone is also found below it in many instances, and 
now and then the coal appears as a streak in a sandstone ledge. This 
stratum extends from Jackson county to the Ohio Valley and beyond, 
making a conspicuous element in all sections, and being a prominent 
feature in the topography. In Jackson county it is locally a decided 
conglomerate. This phase is well seen on Buckeye Furnace lands. 


The Lower Kittanning Coal. 


The lower coal is of much more value in this district than its com- 
panion seam, and it holds this character to the river. An unusual fact 
in connection with the seam.is shown in this district. It is locally split 
into two ooals, each having a thickness of 2 feet or more, and is sepa- 
rated by sandstone or sandy shales that attain a maximum of 8 or 10 
feet. This splitting of the seam can best be seen south of Jackson 
county, and will be described in the following chapter, but a few 
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examples may also be noticed in the vicinity of Keystone Furnace. In 
Section 19, Huntington township, on the Deckard farm, already referred 
to, the blossoms of the seam are found 20 and 29 feet above the lime- 
stone. 

The present working of the seam is indicated below. In Sec- 
tion 11, Bloomfield, it is opened and shows a thickness of 4 to 4% feet, 
at a distance of 26 feet above the limestone. In Section 18, Hunting- 
ton, it is 42 to 48 inches thick, and 23 feet above the limestone. In 
Section 14, Bloomfield, it is reported 4 feet thick, and only 15 feet above 
the limestone. In Section 5, Madison, near the furnace, this seam is 
mined for local use.. It is 32 inches thick, and 22 feet from the lime- 
stone. The seam generally consists of 2 benches, the upper one being 
much the thicker. At the last-named point, they are 24 and 8 inches, 
respectively. At other points the seam is found with a thickness of 12 
to 15 inches or even less. 

By these statements the general character and promise of this coal 
seam can be estimated. While nowhere likely to become a basis of 
large operations, there will doubtless be found basins that will repay 
mining and help out the production of the general field. 


The Clarion Coal (Upper). 


The limestone coal, which lies next below, is the steadiest seam of 
the series throughout the county, and is by far the largest single source 
of fuel after the Shaft coal and the Wellston seam. It has the same 
characteristics as in Vinton county, being in all respects as good a coal 
as is yielded by this horizon anywhere. It is found in Lick, Franklin 
Jefferson, Madison, Bloomfield and Milton townships. 

Several attempts have been made to mine it for shipment, but it is 
found that it cannot be sold at the same price as the Wellston coal in 
the same markets, and it cannot be mined andhandled for less. 

The last attempt to place it upon the market was made by the 
Southern Ohio Coal Company, who opened a mine at Downerdsville, on 
Rich Run, on the line of the T. C. & St. L.. (narrow gauge) Railroad, 
in Milton township. The structure of the coal is shown in the appended 
figure: 

The coal could not be sold, and the mine was necessarily abandoned 
after a brief period. There is a great deal of coal sold in the markets 
of the State to-day that is in no respect superior to the limestone coel 
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FLGURE CAT 
SECTION OF LIMESTONE COAL 
AT RICH RUN MINE. 
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of Jackson county, but the trouble is that this must be sold by the side 
of and at about the same price as the Wellston coal, which is one of 
the most admirable fuels of the entire bituminous coal field. 

In Section 7, Madison, this seam is worked for local use. It shows 
the structure indicated below : 


Ferriferous limestone, making roof of coal, 6 feet. 


Claeseaenekeikeenaksarseeinashereee 18 inches 
PAPUAN nn ee S38: 8 

COR) nenn nenne 17 = 
Parung. eek 2 * 

CORD einem 11. % 


A lower bench is also claimed for the seam at this point. 


The Brookville Coal. 


This seam is not worked at many points in Jackson county, but in 
the northern townships it is occasionally opened for local use. It is 
chiefly confined to Bloomfield and Milton. In both it is about 40 to 50 
feet below the limestone. It does not exceed 4 feet in thickness in any 
sections that have been‘ reported, and it falls to 2 feet in some. At 
Keystone Furnace it is 2% feet thick. In Section 14, Bloomfield, it is 
3 to 3% feet thick. Considering its mineable character in Vinton 
county, it is a matter of surprise that the development of it in Jackson 

so scanty. Its place can be easily remembered, lying as it does close 
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under the Hecla sandstone, which is one of the main elements of the 


scale throughout this district. It is also known as being the first coal 
below the limestone coal. 


The Cannel Coal of Milton Township. 


The Tionesta seam, 35, of the old scale, is found as a cannel of fair 
quality in Milton township, and probably in some other townships of 
the county. One shipping mine has been opened in it, viz., Mine No. 5 of 
the Southern Ohio Coal and Iron Company. It is located on the Coal 
Run branch of the T. C. & St. L. Railway, in Section 15, Milton town- 
ship. The section is shown below: 


FIGURE Chk 


STRUCTURE OF CANNEL COAL AT MINE 
N2S, PAT TERSON & Co. wean TWR 


Cannel, ld, ee | 
; Cannel Coal-------- a 3 
Dark Clay Shale EEE 


The seam ranges between 15 and 30 inches in thickness, so far as 
worked. Its quality seems well approved in market. 

It burns with a clear blaze, and does not leave an excessive amount 
of ash for a cannel coal. It .is entirely free from flake and clinker. 
Its composition is shown below: 





Cannel Coal of Milton Township (Lord)—Sampled by C. N. Brown. 


Mölsture u... arena 2.82 
Volatile combustible matter ...... 2.02... cecccccecccececcsecsccvesscorccs coceneces cs 44.52 
Fixöd tarbon...2.....uu aaa 41.13 
Ban ae een see 12.03 

Totale sieiareessstmeslasessiseien 100.00 
Bulphur. uk 0.84 


The mine was opened in 1882, but the work has never been carried 
on extensively. Four entries are now driven into the coal, so that the 
mine is able to meet all demands. The structure and surroundings of 

}« seam are as follows: 
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Sand rock. 

Blue shale.:.........ccscccccscsscccessrcocsscssesecccees sossscsen senses 15-20 inches. 
Bituminous Coal ........ccccceccee saves cnvccecescevaccecescccescccsonees sence: 6 * 
Oannel—slaty—rejected .........seccscssescccccceccccceccessoccacsesces senses 6 “ 
Cannel .........00.ceccscser cvcscescasce sosees tescececescescesonscssecss: nenne senses 16-30 “ 

Muddy shale. 


The miner attacks the seam in the 6 inches of bituminous coal 
that caps it. | 

The position of the seam can be readily determined in most 
parts of the field by reference to the Big Red Block Ore, which is 
universally known. The cannel coal is the first seam above the ore, 
the interval between the two ranging from 10 to 30 feet. This brings 
it 65 to 75 feet below the Ferriferous limestone. In Vinton county, 
as will be remembered, a seam of large volume but of uncertain com- 
position is referred to this horizon, viz., the Newland coal, of Elk 
township. The horizon is fairly steady throughout the district so far 
as some sort of an attempt at coal-making is concerned, but scarcely 
another opening on it is reported in Jackson county. 

According to present knowledge, the Tionesta coal does not make 
an important addition to the mineral resources of Jackson county. 


SUMMARY. 


It is thus seen that four seams of coal are mined in shipping 
banks in Jackson county. They are as follows: the Shaft seam, 
the Wellston coal, the Cannel coal, the Limestone coal. 

The Shaft seam supports two shipping banks at Jackson in 
addition to the several furnace mines. There are also several small 
shipping mines along the railroad, west of Jackson. 

The Wellston coal is the main-spring of the coal mining in- 
dustry of the country. The development of this field has advanced 
with great rapidity. In 1878, not more than 10,000 tons of coal were 
shipped from Jackson county. During that year, two new lines of 
railway, built with the special object of reaching this coal, entered the 
field. The roads are the Ohio Southern (I. B. and W.), and the 
‘Toledo, Cincinnati and St. Louis R’y (Narrow Gauge.) 

In 1880, the shipments reached nearly 300,000 tons, and in 1883, 
mearly 400,000 tons. During the past 6 years more than 40 mines 
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have been opened in this field, and it is at the present pretty well 
occupied. 

A single mine has been opened in each of the remaining seams, 
but one is dormant and the other has not a very vigorous life. It is, 
however, certain that the limestone coal, by reason of its good volume, 
fair quality, and unbroken persistency, must at no distant day become 
the basis of a considerable mining industry in the county. 





CHAPTER XVIII. 


THE COAL SEAMS OF THE LOWER COAL MEASURES 
OF OQHIO—ConrTINUED. 


Mines oF Scioto AND LAWRENCE COUNTIES, AND OF THE 
WESTERN PART OF GALLIA County. 


By Epwarp Orton. 


The general series of coals that we have already followed south- 
ward and westward from the Pennsylvania line can be traced with un- 
mistakable distinctness from Jackson county into Scioto and Gallia, 
and through them into and across Lawrence county to the Ohio river. 
But, for several reasons, the coal seams are less conspicuous in this dis- 
trict than some of the other elements of the series. This is pre- 
eminently a furnace district, the charcoal iron manufacture of the State 
being centered here. Iron ores have therefore been sought for diligently, 
and the capabilities of the Lower Coal Measures to furnish a proper 
supply for the charcoal furnaces have been carefully investigated. The 
ore horizons are widely known and worked, but no similar motive has 
led to a like development of the coal seams. 

In the:second place, the coal seams are intrinsically less valuable in 
this district than they are in many of the counties already reported 
upon. In Scioto county, for example, the Jackson and Wellston coals 
are both due, but these two elements, which give such value to Jackson 
county, have no known economic importance here. In like manner the 
Nelsonville coal of the Hocking Valley has shrunk in Lawrence to a 
seam that sometimes holds but 28 inches of good coal, and that never 
exceeds 44 feet. . 

The general section of the oounty has already been given on page 
122, but a few additional statements will be made under this head. 

The Ferriferous limestone is in full force and value in this district 
and isthe stratum to which all other elements are referred when repre- 
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sented in vertical sections. In the map of Lawrence and Scioto coun- 
ties, which accompanies this volume, the areas occupied by the limestone 
above drainage are shown, a task which would be impossible without 
the expenditure of great labor for any other elements of the scale 
except those directly connected with it. The limestone has been worked 
along its outcrops in practically continuous benchings throughout most 
of the furnace properties and through a great deal of other territory. 
The Ferriferous horizon indicates as well the horizon of the Kittanning 
coals, the lower of these seams being but 20 or 30 feet above the lime- 
stone, and the upper only 60 or 70 feet above, so that this boundary in 
Lawrence and Scioto and in Jackson and Vinton agrees very closely 
with the Kittanning boundary, as laid down upon the maps of the 
counties to the northward. Upon maps of the scale here employed, the 
two boundaries are, for much of the territory, practically identical. 

Another ore horizon is very widely known and used, especially in 
determining the order of the lower portions of the series. It is the 
horizon of the main or upper block ore of the Ohio Valley. It is 
well named by Mr. Brown, the Franklin block ore, it having been the 
chief dependence of Franklin Furnace when in blast. It lies 110 to 
120 feet below the Ferriferous, and 40 to 70 feet above the Lower 
Mercer limestone. There is pretty good reason to believe that this ore 
belongs to the Upper Mercer limestone, but whatever its exact northern 
continuation may be found to be, it is one of the steadiest and most 
easily recognized beds of the entire series in Southern Ohio. Mr. 
Brown made constant use of it in the western part of this field, and 
found it a guide almost as serviceable as the Ferriferous limestone ore. 
At many of the furnaces it is known as the big red block. 

The little red block ore, which is carried by the Lower Mercer 
limestone, helps to support and confirm the sections. In determining 
the upper coals, the Cambridge limestone becomes of great value. It 
is constant in occurrence, and unmistakable in character, and leaves 
nothing to be desired as a ruling element in a geological section. 

By the aid of these three well-known elements, all of the coal 
seams of the district can be so located that little trouble will be ex- 
perienced in assigning any exposure to its proper place in the scale. 

The coal seams that are due in this field are the 12 seams of the 
Lower Coal Measures (see page 127), but several of the series have not 
thus far been found of economic importance within the district. The 
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three lowest seams in particular have little or no value here. The 
Upper Mercer, the Tionesta, the Brookville and Clarion coals support 
at the best but feeble mines. The Kittanning and Freeport coals, 4 in 
number, furnish almost the entire coal supply jof these counties, and 
seem likely to hold the same place for time to come. 

The general section is as follows: 


Cambridge limestone, generally in two beds. Mutual Aid and Neigh berbocd Lid 
Interval, containing Brush Creek coal, 180 feet. Grosse Pointe. Mun en 
Upper Freeport coal, Waterloo seam, Coal No. 7. 
Interval, 40-50 feet. 
Lower Freeport coal, Hatcher seam, Ooal No. 6a. 
Interval, 40-50 feet. 
Middle Kittanning coal, Sheridan seam coal, No. 6. 
Interval, 40 feet. 


Lower Kittanning coal, Newcastle seam, coal No. 5. 
Interval, 20-30 feet. 
Ferriferous limestone. 
Interval, 0-15 feet. - 
Clarion coal, in northern townships only, Coal No. 4a? 
Interval, 50 feet. 


Brookville coal, Coal No. 4 

nterva eet. 

100-140 ft. Tionesta coal, Coal No. 8b. 
Interval, 10-20 feet. 


Franklin or Big Ked block ore. 


Interval, 15-40 feet. 
40-60 oe. Upper Mercer coal, Webster cannel, Coal No. 8a. 
Interval, 20-30 feet. 


Little Red block ore. 


The places of the three lower seams are also indicated, counting 
from the last-named ore : 


Iaterval, 0-15 feet. 
Lower Mercer coal, No 8. 
Interval, 90-120 feet. 
Quakertown coal, Wellston seam, No. 2. 
Interval, 50-100 feet. 
Sharon coal, Jackson Shaft seam, No. 1. 


A good representation of the elements likely to be found in any 
one section is shown in the accompanying figure. The section was 
carefully measured, and may be counted a type for the region to which 
it appears: 
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VERTICAL SCALE .5OFT. TO ONE INCH 


The seams below the Ferriferous limestone will first be considered 
The Upper Mercer (?) Coal in Lawrence and Scioto. 


The coal seam to be described under this name cannot be certainly 
connected with the Upper Mercer seam of Vinton county and north- 
ward, but it seems probable that the present reference is correct The 
doubt in the case extends to other elements as well. There seems to be 
but one coal seam with any claim to persistency between the Lower 
Mercer limestone and the Franklin block ore. The latter, as will be 
remembered, has been referred in the same uncertain way to the Upper 
Mercer limestone horizon. The difficulty in regard to the coal arises 
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from the considerable interval that separates it from the ore. By the 
table given above, it will be seen that this interval ranges between 15 
and 40 feet. The first figure would create no diffioulty, and the second, 
perhaps, need not, when the gradations are established between these 
extremes. 

At all events, a persistent but not very valuable seam holds this 
place in the scale. It is close to and may replace the sandblock ore. 
It generally consists of two benches separated by a band of shale, and 
is hence sometimes known as the slate vein. 

In the river hills, the place of the seam is about 30 feet below the 
Franklin or main block ore. It is mined in Section 8, Hamilton town- 
ship, Lawrence county, and also on lot 16, Greene township, Scioto 
county. The former is known as the Collins coal, the latter, which is 
a cannel, as the Fulsom coal. The Collins coal consists of two benches, 
separated by 6 or 8 inches of clay or shale. The entire thickness is 
sometimes 4 feet. It is also seen on lot 44, French Grant, 28 feet below 
the main block ore. On Sections 2, 3, 8, 20, 21, 26, 31, 34, Elizabeth 
township, the presence of the coal has been marked. Throughout this 
region it ranges from 12 to 20 inches in thickness. Its quality seems 
good. On section 14 and 26, Decatur, it is also present. 

It is mined and shipped to a small extent at Pioneer Station, Scioto 
county, the seam here being known as the Webster cannel. It is 16 to 
20 inches thick. It is only locally a cannel, the same seam being 
entirely bituminous at other openings in the neighborhood. Cook’s 
cannel mine, half way between Bloom Furnace and Pioneer Station, 
occasionally ships a little coal by rail. There is here a fine exhibi- 
tion of stigmaria in the bottom slate. The Webster Brick Works mine 
this seam south of the village, the coal being 36 inches thick, and 
being known as splint coal. u 

It is not necessary to name other exposures of this horizon. The 
best that have been found have been already reported. This is Coal 
No. 3 of the Kentucky series. 


The Tionesta Coal, No. 36, No. 4 of Kentucky. 


The place of this coal is well-marked by the Franklin or main 
block ore, which lies just below it, the interval being 5 to 20 feet. 
This places it at about 80 to 100 feet below this Ferriferous limestone. 
“ A peculiarity of the horizon is the splitting of the seam into a number 
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of thin streaks of coal distributed through 10 to 20 feet of clay and 
shale. Its maximum thickness, so far as observed, is 36 inches, the seam 
giving this measure in Section 14, Vernon township. Near Pine Grove 
Furnace also, a good thickness was observed, but it often runs down to 
6 or 8 inches. The coal is mined in such few instances, and in such a 
small and irregular way, that no judgment can be given as to its quality. 
This appears to be the “slate vein” of Washington Furnace, the desig- 
nation being given on account of the black slate roof of the coal. Its 
structure is shown in the accompanying diagram : 


FIGURE CXU 


SECTION OF ‘SLATE’ C GAL AT WASH- 
INGTON FURNACE 


Black State __-_- rg 
Cool — 


t 
4 


oaL__ — — — — — —- 


; - t 
Fire-clay ~~. - - - — ~ - | 
Bone-coal__ _____—-— yas 
Fire-cla — nn Pa 
Coal klean____- —- - - 1 





There is no promise given by this seam in the district of large 
mines, but it will long yield small local supplies to farmers and furnace 
hands who can obtain a winter’s stock by benching or stripping in 
favorable locations. 

In Kentucky, this seam becomes in certain areas a cannel of good 
quality. The Hunnewell and Chinh’s Creek cannels are referred to 
this horizon. 


The Brookville Coal, No. 4, of Newberry, No. 5, of Kentucky. 


A somewhat more important seam in this district than either of 
those already named is the Brookville coal. It has been described 
under two numbers in previous reports, viz., as No. 3c and as No. 4 
There is but little doubt that it comes in upon the Putnam Hill lime- 
stone horizon, and that, therefore, the latter number belongs to it. It 
is known as the Conway coal in the neighborhood of Ironton, where it 
has been mined in a small way in years past. Its place is 50-70 feet 
below the Ferriferous limestone. It does not show as great a thickness 
in this district as in Vinton county, so far as it has been observed, and 
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nothing that is known of it warrants the expectation that it can at any 
time support important mines. 

On the south side of the river, the seam does not possess much 
value according to Professor Crandall’s reports. 


The Clarion Coal (Upper), No. 4a. 


This seam, which is so well-known and so highly esteemed in 
Jackson and Vinton counties, under the name of the Limestone Coal, 
enters Scioto and Lawrence c ‘unties from the northward in good volume 
and good condition, but it disappears abruptly from the series near the 
middle of Decatur township. An east and west line drawn through 
Mt. Vernon Furnace will leave all the coal of this seam to the north- 
ward. It disappears not only suddenly, but completely. At least but: 
few traces or hints of it are found south of the line named. In Ken- 
tuoky, the horizon is passed without notice, so far as coal is concerned- 
The coal is found in portions of Washington and Decatur town- 

-ships, of Lawrence county, and of Bloom and Vernon townships, of 
Scioto, and Greenfield township, Gallia county, under the conditione 
already described for the northern counties. The volume of the seanr 
is good, but it carries at least two partings, one of them being a per- 


TISVURRE SuM 
STRUCTURE OF LIMESTONE COAL 
AT OLIV.E FURNACE. 
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sistent band of shale or clay, 6 inches in thickness. This structure 
would require great care and necessitate unusual labor in preparing the 
coal for the general market. So far as observed, the structure is fairly 
regular. At Olive Furnace, in Section 3, Washington, it shows the 
structure represented in the accompanying figure. 


Close upon the line of its final disappearance, on the land of Henry 
Warnecke, Section 15, Decatur township, the same structure is repeated, 
the measurements being almost identical. 

Considerable areas are vocupied by the seam in the districts named, 
and the same statements as to mining possibilities are warranted here 
that were made in regard to this coal in Jackson and Vinton: 


FIGURE CXLY 
N STRUCTURE OF LIMESTONE COALON 


HENRY WARNECKE'S LAND SECTION 15 
DECATUR TWP. 






Ferriferous Limestone 
farting, black shale 


Coal___-.-------.. 


Li, | el SY 


Fire-clay EB: AY 


The seams above the Ferriferous limestone remain to be considered. 
They are divided into the two well-known groups, the Kittanning 
coals and the Freeport coals, both of which are well developed here. 


THE KITTANNING COALS. 


The Lower Kittanning Coal, Coal No. 5—No. 6, Kentucky. 


This persistent but seldom valuable seam is found in good thick- 
ness and of fair quality in much of the territory under consideration. 
Its position is well known and easily marked, inasmuch as it lies within 
15 to 25 feet of the great limestone ore horizon. 
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At Washington Furnace many small banks have been worked. in 
the seam.’ It shows here the structure represented in the following figure, 
which represents its normal composition of this region: 


FIGURE CXXXVUL 


SECTION OF LOWER KITTANNING COAL 
(NO.6), AT WASHINGTON FURNACE 





Its quality is fair, a as has been before stated. It is rather high in 
sulphur and also in ash, but it burns readily and lasts well in the fire. 
It is valued for steam generation wherever it is used. 

At Lawrence Furnace, Section 4, Elizabeth township, the seam has 
in like manner been long mined in a small way. Throughout this 
township and also to the southward and eastward, a massive sandstone 
separates the Kittanning coals, often coming down directly upon the 
lower seam. This is shown in the following figures: 


FLGU RE CXL 
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FIGURE CXULWY 
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It will be seen that the upper bench is reduced from the measure 


previously shown by the descent of the sandstone, and that the thick- 
ness of the coal is thus brought below fairly mineable proportions. 





1144 ’ GEOLOGY OF OHIO. 


In Section 20, Elizabeth township, on Etna Furnace lands, the 
seam is shown again in normal structure: 


FAGURE CXLVI1 
STRUCTURE OF LOWER KITTANNING 
COAL (N25) AT ETNA FURNACE. 
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In the workings, however, the roof shales, known as “the draw- 
slate,” are often cut away, to the detriment of the seam. 


The New Castle Field. 


‘The largest and the only important mines in the seam in these 
counties are found at New Castle, on the railroad to Pine Grove Fur- 
nace, and at Vesuvius Station, on the Iron Ruilroad. By the New 
Castle mines the supply of Hanging Rock is produced, and they also 
furnish a large amount of coal for river steamboats. The Vesuvius 
Station or Tunnel mines furnish almost the entire supply of Ironton, 
both for manufacturing and domestic uses. Three rolling mills, in 
particular, rely entirely on the Tunnel mines, and, in fact, it is upon 
these mines that all the manufacturing interests of Ironton have been 
built up. For all uses, the coal is fairly well approved. The seam 
holds quite uniformly and steadily a thickness of 42 inches. It lies 
20-24 feet ahove the limestone. Its structure is shown below: 


FIGURE CXL 
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An analysis made for the Survey shows the following composition, 
which probably represents the average product of the mines: 


New Castle Coal, Tunnel Mines (Lord). 


Moisture ......ccccccccccccccccccce so scccces cesses enccceccce coscccccccapeccncsccsceccs sass „ 6.19 
Volatile combustible matter. a cccevccnscccesscccccees esccesecscececcce asceseceresees 41.86 
Fixed Carbon... ..0..-000.ccccccoccccccsccccccececcsccccceccsceccsscccucccescecces scenes nenne 47.69 
Ash ....... Lunssnnnonnueen sasssnnnnrnnsenunssnnnnnnanne ceccencen cancer snnnnn seccecsseces sannae 5.26 

Total ........ccccscccccscsccccccevconsscccsccecascecceccccecssesscecceces:sreunsecse sevens 100.00 
Sulphur ......cccccssccccccerseccccccccsves sesccsccccccccecscccscevcecscesecce ars seecee secese 1.40 


Experiments have recently been made in coking the New Castle 
coal. A quantity was sent from Ironton to Pittsburgh for this purpose. 
The coal was crushed and washed, and the resulting coke presents an 
excellent appearance. - 

The daily production of the two centers already named will range 
between 300 and 500 tons. A large acreage has therefore been exhausted 
in the 20 years during which mining has been carried on here, but the 
field shows no signs of giving out. A considerable territory may be 
counted on as affording a safe basis for shipping mines. Scores of 
country banks are opened throughout the district that show the same 
conditions that are found at New Castle and Vesuvius Station. In the 
vicinity of Ironton, in particular, a large amount of coal has been taken 
to meet the local demand, and the mines have already occupied or 
exhausted the whole range of front hills. 

The furthest point that the seam reaches on the river front in going 
westward is a hill in Section 8, Hamilton township. Only the mark of 
the seam is shown here. 

All things considered, the New Castle field deserves to be counted 
one of the most valuable basins of Lower Kittanning coal in the State. 
Perhaps the Leetonia field is the only one that outranks it in value. 


The Middle Kittanning Coal, Coal No. 6—Coal No. 7, Kentucky. 


This seam is not found in Scioto county. In Lawrence and Gallia 

it is commonly known as the Sheridan coal. Though lacking the 
splendid development that it attains in the Hocking Valley, it is still a 
steady and excellent seam. It maintains its character as reliable. 
Though falling to a measure that is not at present consistent with large 
operations for most of the field, it still affords the safest supply of most 
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of the regions where it is due, and will doutstiess be hereafter followed 
under its heaviest cover. Its quality is always fair and often excellent. 
A few sections will be furnished, illustrative of the character of the 
seam throughout the district. - 

At Washington Furnace it has the structure representedsbelow: 


FIGURE CXXX iy 


SECTION OF MIDDLE KITTANNING COAL 
IN 80.6), AT WASHINGTON FURNACE MINES 


Black Slate____ — — — 
Coal-bon rejected — ___ 
Fire-clay Barting- — — - - -~ 


Coal used in furnace ___ 





Fire-clay. —~— — — —- - - 


It has been worked at this point in the large way for a number of 
years, the coal having been found to be certainly the only seam that 
could be used to replace charcoal in iron manufacture at this point, the 
timber for the latter having been exhausted. The earlier trials with 
this seam were unsuccessful. Attempts were made to coke the coal, 
but the open-burning nature of the seam forbade good results in this 
direction, and the mcst that could be done was to char the coal and 
expel part of its sulphur. Success was gained at last by largely increas- 
ing the flux of the charge, when it was found that failure had not at 
any time been due to the coal. Only the middle bench, 28 inches in 
thickness, is taken, and consequently there is a rapid reduction in 
available acreage of the seam. The coal thoroughly approved itself as 
one of the few that can be used raw in the smelting of iron. 

The next section of the seam that is represented comes from Deca- 
tur township. On the lands of Mt. Vernon furnace, Section 22, it 
shows the structure indicated below. 

The lower bench, which is wanting in the Washington section, reap- 
pears, and clay shales take the place of the bone coal there shown. The 
middle bench is the heart of the seam in all of the fields that it oceu- 
pies. This bench holds nearly the same thickness here as in Perry 
county. 

A few notes will be given at this point as to certain coal seams of 
Gallia county. The observations are miscellaneous, and are counted 
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useful only as giving to local explorers clues which they can safely 
follow. 


FIGURE Cx Lk 


STRUCTURE OF MIDDLE KITTANNING 


GOAL (N?6) ON LANOS OF ME VERNON 
U 


Clay a clay shales 
Coal____________ 





GALLIA CouNTY. 


The Sheridan seam appears to extend continuously from Washington 
township to the eastward, as far as the Valley of Raccoon Creek, in Perry 
township, where it falls finally below drainage. At least the seam is 
shown in this valley in good condition and in good proportions. Its 
structure is indicated below: 


This section is quite familiar and reassuring. It would be a 
normal section in the Hocking Valley. Not only do the three regular 
benches again apear, but the supplementary seam of the Hocking 
Valley is also represented. The 3 inches of coal and the black slate of 
the roof show an approach to the conditions under which the great 
phase of the seam was built up. 


The coal has been worked for many years at Evans’s mil! for steam 
production and for local supply. It stands in high estimation, and cer- 
tainly gives promise of a au of great value for future mining enter- 
prises. 
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FAGURE CXL 
STRUCTURE OF MIDDLE KITTANNING 
COAL (N?6) AT EVANS’ MILL _ 
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A long and excellent section illustrative of ihe geology of the 
region was measured here with great care by Mr. Brown and is repre- 
sented below. It may be relied upon as a safe guide in explorations 
that;will follow. Ä 


The character of this seam in Huntington township has been 
already touched upon in the discussion of the coals of Little Raccoon 
valley (see page 1029). The Deckard and Calhoun coals, as reported, 
seem to have unusual promise. 


In Raccoon township there is but little development of coal seams 
and the sections presented are somewhat ambiguous and uncertain. At 
Centerville the following series is found: 


Heavy sandstone. 


Coal seam, known as Thomas Coal ..........secsscsesscscscessescasseecsaces 125 feet 
Coal blossom, often BEOD ee BEER cabal SAN UIEEN ONE A 115 “ 
Bull limestone un. een: 100 * 
0081,18 to 24 inchee. susanne sedetnccs sévesstveetevs 70- 80 “ 
Dali.  ORERR = 8l “ 


Hard stratum, found at depth of 70 feet. 
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The translation of the terms seems to be as follows: Aid and Neighborhood Club 


Sandstone—U pper Freeport sandstone. Grosse Pointe, Michigan 
Thomas coal—Lower Freeport coal. 

Buff limestone—Lower Freeport limestone. 

Coal, 18-24 inches—Middle Kittanning seam. 

Coal, lowest—Lower Kittanning seam. 

Ferriferous limestone. 


FL GY RE Kun 
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White cl aY--------- 22-242 AL 
Shaly Sandstone-.----------- = 
Coal and Ore, blossoms-._-.-- --.... IL 

Shaly in qppoarance Biere) 


Massive Sandstone Ree ae \ Te 
I a 
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Vertical scale Soft Jin. 


In Section 6, Perry township, near Wales, two thin seams of coal 
are mined for neighborhood use, the lower one being 22 inches thick 
and a solid bed; the other is 8 to 10 feet above it. These seem to 
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represent the Centerville coal (Thomas seam), the same heavy ledge of 
sandstone covering the upper seam. The sandstone can be followed up 
the Grassy Fork of Symmes Creek, where it is again found covering 
a coal seam. The latter is well shown on David Williams’s land, Sec- 
tion 2, Madison township. It here consists of two benches, the upper 
one, 14 inches thick, and the lower, 21 inches, separated by an 8-inch 
clay parting. This seems to be the same oval found at Gallia Furnace, 
at 88 feet above the Ferriferous limestone. At Shelton’s bank the seam 
shows the structure represented below: 


FLGURE CXL . 
STRUCTURE OF LOWER FREEPORT? 
COAL (N86a) AT SHELTON’S. BANK NEAR 
GALLIA FURNACE 
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There is a question in regard to the Shelton coal, as is indicated in 
the figure. It has the partings of the Middle} Kittanning seam, and 
may possibly be on this horizon. 

On J. Calaway’s land, in Section 12, Greenfield, the following 
series is shown : 

Coal, Upper Freeport. 
Interval, 54 feet. 


Coal, 10 inches. 
Coal, Lower Freeport. | Parting, 2 inches. 
Coal, 26 inches. 
Interval, 66 feet. 
Coal, Middle Kittanning. 


About the identification of the lower coal there is no question, a 


the seam was traced directly into the Evans’s Mill coal, already de- 
scribed. 
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In Section 7, Walnut township, on the farm of J. S. Eakins, the 
Middle Kittanning seam lies in the bed of Symmes Creek. The Lower 
Freeport coal also appears in the same section. The Cambridge limestone 
is here found, 242 feet above it, as at Evans’s mill. This has now become 
the normal measure. The coal is 38 inches thick, and very promising 
in appearance. : 

At Armstrong’s bridge, in Section 12, Walnut, the coal is again 
found, 30 feet above Symmes Creek. The Upper Freeport coal is about 
120 feet above it in this vicinity. 

These sections and measurements, taken somewhat at random, will 
lend some light to future explorers, but this whole district needs that 
more time and labor be spent upon it before a full account of its 
resources can be given. There is no peculiar complexity in its stratifica- 
tion, but the openings of its coal seams are infrequent, and the intervals 
between its several elements are somewhat changed from those found 
on the margins of the field. 


Returning to Lawrence county, a few additional statements as to 
the Middle Kittanning coal, No. 6, are needed to complete the cursory 
account here undertaken. The seam is generally found in its proper 
place in the section wherever its horizon is exposed, but it has suffered 
a good deal from the erosion of the Lower Freeport sandstone, which 
is steady throughout.the county, and very massive. It often comes 
close down upon the coal, cutting away its roof shales and deteriorating 
its quality. Not infrequently it intrudes into the coal, reducing it 
below mineable proportions. 

In the river hills, near Ironton, this last condition prevails. The 
coal is seldom found thick enough here to warrant mining, and the lower 
seam, as has been already stated, is the universal reliance. Above 
Ironton, however, the seam shows a better condition, and the only 
extensive mines of the county in this coal have been opened here. 
They are located at Sheridan, about 6 miles above Ironton. The coal 
lies low in the hills, and is not found again above the river after leaving 
this immediate neighborhood. The Sheridan mines were opened about 
1863, and for a number of years maintained a large output. They were 
equipped for delivering coal upon the river, at good advantage. The 
quality of the coal has always been approved. In thickness, the seam 
does not often fall below 3 feet in the areas that have been worked, and 
it sometimes rises to 4 feet. The average of the Sheridan mines will 


1052 GEOLOGY OF OHI(). 


not much exceed the former figure. The sandstone comes down close 
upon the coal, and the hill under which it is mined is very heavy. The 
floor is somewhat irregular, but the seam has its usual persistency and 
steadiness. A considerable acreage has been worked out. Mining has 
been suspended here for several years. 

There is no reason to doubt that all of this seam in the county that 

3 feet and over in thickness will be called for in time to come, but it 
is quite possible that it cannot be brought into successful competition 
with the thicker and more easily mined seams of adjoining fields at the 
present time. 

The fact that the Sheridan mine is not now producing coal will 
account for the analysis of the seam being wanting at this point. 


THE FREEPORT COALS. 


Under this head the two remaining seams of the Lower Measures 
of Lawrence and Gallia counties will be briefly noted. One of these 
seams has already been brought into account, incidentally, as it is found 
in some of the western townships of Gallia county (see page 1028). 


The Lower Freeport Coal, Coal No. 6a. 


This seam is known in Lawrence county as the Hatcher coal. It 
lies 40 to 60 feet above the Middle Kittanning coal. It is fairly steady 
through a considerable territory, particularly to the east and north of 
Ironton. In thickness, at its best, it ranges between 3 and 4 feet. Its 
quality is fair. Whether it can support shipping mines successfully, 
under present conditions, has not been determined by actual experiment, 
but the probabilities are not favorable to such a result. This seam has 
not, at least, been turned to such account at any point on the western 
side of the coal field. It furnishes a fair amount of coal for neighbor- 
hood use, and will long serve this not unimportant end. It promises 
more in Lawrence county than in any of the counties of the western 
margin of the field. 


THe Upper FREEPORT COAL. 


The Waterloo . Field. 


A basin of this ooal that promises to take rank with the best de- 
posits of Upper Freeport age in the State is to be found in parts of 
Walnut, Symmes and Aid townships of Gallia and Lawrence counties. 
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It is perhaps the most valuable body of this coal in the State that has 
not yet been attacked. The name by which it is most commonly 
known is the Waterloo coal, the little village of this name on the 
Lawrence county line marking the best known center of the field. The 
basin extends in a southerly direction along the valley of Symmes Creek, 
from about Waterloo for 8 to 10 miles, but we can well believe that some 
interruptions would be developed by working within these limits. The 
opportunities to estimate the extent of the field in an east and west 
direction are comparatively few, being confined to the transverse valleys 
that are cut deep enough to expose the seam, but a breadth of 2 to 3 
miles, it seems safe to infer from such facts as are met with. One fact 
of special importance is to be noted, viz., that the coal descends to its 
final cover on the east side of Symmes Creek in its best condition. A 
valuable extension of the seam below drainage is attested by this state 
of things. The area occupied by the coal, as it is now known, is 
roughly indicated on map No. 8. 

It is to be regretted that all of the statements made in regard to 
the Waterloo field must be somewhat vague and general. This results 
from the fact that the field has not yet been proved in any thorough or 
systematic may. Our knowledge of it, which is very little extended 
beyond that of former reports, is limited to such natural exposures as 
can be found in banks of creeks, in roadways, and on hill-sides, aided 
and re-enforced by a half-dozen farmers’ banks, together with one or 
two mines in which 2 or 3 acres, more or less, have been worked out. 

The general section that includes this coal has already been given 
(see pages 120-121). It lies 120 to 130 feet below the Cambridge lime- 
stone. The errors of statement in the earlier references to this seam, 
and especially my own errors in regard to it, in Volume III, have been 
noticed and corrected on an earlier page (see page 120). 

Coming from the northward, the seam is first found in good develop- 
ment in the south-western sections of Walnut township. It has been 
mined by stripping for many years in the vicinity of Flag Spring. It 
shows here a thickness of five feet, and the quality of the coal is excel- 
lent. 

Passing southwards one mile we reach the well-known mines of 
Jacob Webster, the largest workings in the Waterloo field. The struc- 
ture of the coal at this point is indicated in the accompanying diagram : 
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The seam consists essentially of two benches—a lower one, measur- 
ing 4 feet, in which almost its entire value lies, and an upper bench 
that here exceeds 1 foot. A persistent clay parting, 6 inches in thick- 
ness, separates the two benches. Under the main parting a thin band 
of coal is found, separated from the main body by a thin layer of shale. 
This middle band could not be gained in mining under the present 
system, even if its quality warranted, as the expense of splitting it out 
would exceed its value. The roof coal or upper bench is generally 
coarse and worthless. 

A heavy mass of slate overlies the coal, and it may reasonably be 
expected to form a good roof in regularly worked mines. In these 
country banks it proves somewhat troublesome and dangerous by falling. 

A half-mile beyond Webster’s, the fine showing of the seam on 
John Strait’s farm is found. The coal has been worked here to a small 
extent, and it nowhere appears to better advantage. 

On the farm of Thomas Cooper, a mile southward of Webster’s, 
another bank is opened in the seam. Its structure at this point is indi- 
cated below: 
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The structure is seen to agree closely with the structure of the seam 
at Webster’s bank, and also at Strait’s, and we are thus warranted in 
believing that a continuous body of coal of this character occupies the 
entire interval. The maintenance of the heavy deposit of roof shales 
is also reassuring, inasmuch as it shows the thorough protection of the 
seam from early erosion. 

One mile further west, but still on the lands of Thomas Cooper, a 
second opening is found, agreeing essentially with the facts already 
stated. 

The seam can also be followed to the northwest of Waterloo. On 
the line between Sections 14 and 23, Symmes township, on the land of 
George Pearce, it is found with a thickness of 37 inches. It appears 
probable that the reduction in volume is rapid in this direction. The 
Sheridan coal (Middle Kittanning) appears in the same farm and at no 
great distance, the Ferriferous limestone also comes into the section. 

Southward from Waterloo the coal is found in all the tributaries of 
Symmes Creek that expose its horizon for 6 or 8 miles. The coal is 


% 
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opened on John’s Creek, on Aarons’ Creek, and on Elkins’s Creek. In 
the last-named valley are found the well-known openings of the Oak 
Ridge Furnace, Section 22, Aid township. The coal has been worked 
here in a small way for many years. The structure of the seam is 
shown in the following figure: 


FIGURE Chik 
STRUCTURE OF UPPER FREEPORT. COAL 
(WATERLOO SEAM) AT OAK RIDGE FEE. 





The volume, as will be seen, is fully equal to that of the Waterloo 
coal, but the benches are quite differently proportioned. The quality 
of the coal is inferior, so far as present developments enable us to judge. 
The seam is so interrupted by slate and clay banks that it can scarcely 
be made a basis for profitable mining. 

One other section, illustrative of this field, is added. 

In Section 28, Aid township, 2 miles to the southward of Oak 
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Ridge Furnace, and in the Valley of Sharp’s Creek, another tributary 
of Symmes Creek, the coal is again found. It hasa thickness of 69 
inches, all told, and its structure is shown above: 

The seam is here regaining the structure and character of the 
Waterloo coal. The openings indicate good promise of a mining field. 

Two and one-half miles east of this point, and in the main valley 
of Symmes Creek, on the east side, in Section 25, Aid township, there 
is found the last exposure of the Waterloo ooal in this direction. The 
seam is mined here by the Russel Brothers. Its structure is as follows : 


L .revcccceccccesnccccscescenscacceses concevessccccescocoesoes 10-12 inches. 
Clay parting ..........ccccerccccsccssscesceescscsecess “ 
Russell coal. { Coal ..........ccccccsscscccccccscscccncs nasnonennunnonanezenene 84 “ 
Clay parting .......cc.cce.-ceccscscecccccencesescences 1-2 
Coal, bottom DeNcl........ccccccccvccccscerceccccscscccers 89 “ 


All of the coal of the seam is mined, and no discrimination is made 
as to quality. The coal is held in good repute for blacksmith use, and 
is the exclusive dependence of the shops for 6 or 8 miles around. There 
is very little visible sulphur in it. It mines in large blocks, without 
the use of powder, but it is rather tender, and would not, perhaps, bear 
railroad transportation well. It is sold at the bank’s mouth for 4} cents 
per bushel. Royalty is paid at the rate of 25 cents per ton on lump 
coal. 0 

This bank, it will be remembered, is on the east side of Symmes 
Creek, and the seam here dips down, never to rise again. The fact that 
volume and quality are so good in this last appearance is one of great 
significance. It warrants the belief in a valuable body of this coal 
below drainage. 

The composition of the Waterloo coal cannot be given as fully as 
is to be desired. The banks are open only at certain seasons of the 
year, and at the time that samples were sought for, a number of the 
mines were obstructed with water, and could not be entered, but the 
three following analyses will do something toward showing the real 
character of the coal. The first samples were obtained from the stripping 
bank of Charles Neal, Section 19, Walnut township, near Flag Spring, 
on the northern boundary of the basin. The samples represented only 
the bottom bench. The second set was obtained from the entries of 
‘Thomas Cooper’s bank, in Section 30, Walnut, and to this set the 
character of outcrop coal attaches in some degree. Only the lowermost. 
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_ A feet of the seam are represented here. The third samples come from 
the Russell Brothers’ mine, already referred to, and represent the 
southernmost extension of the basin that is now worked. All of the 
seam is represented in this analysis, and the samples are the only one 
that do full justice to the mine from which they were taken, as they 
came from solid coal under deep cover. 


Waterloo Coal—Lord (Sampled by C. N. Brown). 
No. 1. Charles Neal’s. 
No. 2. Thomas Cooper’s. 
No. 8. Russell Brothers. 








Moisture ......... ccccccccnccccceves cocvvcceces ecececccsecnccscccccces 
Volatile combustible matter 
Fixed carbon ....0.00.sssscccscccccsccsscnccce sovesccescccees Leese 
Ash 








These results are very gratifying and assuring. Although the 
moisture and ash are higher than in most of our best coals, they do not 
exceed the percentages in the Jackson Shaft seam. In sulphur, the 
‘Waterloo seam runs as low as any other Ohio coal, being very much 
freer than the coal of any other Freeport basin in the State. It is an 
open-burning seam, at least sufficiently so to give promise of its sue- 
cessful application to iron smelting, in the raw state. Actual trial is, 
of course, necessary to determine this adaptation, but it seems probable 
that this field is the one on which the failing iron manufacture of Law- 
rence county can depend for a new lease of life. No coal south of the 
Monday Creek field shows so little sulphur. 

Several railroad surveys have been directed ta the Waterloo Caal 
Field within the last few years, but none of them has advanced beyond 
the preliminary stages of road building. When the proper time comes, 
and proper facilities for distribution are secured, it is safe to predic 
that this last of the Upper Freeport basins of the State will make ar 
important contribution to our coal supply. 





CHAPTER XIX. 


THE MEIGS CREEK COAL SEAM IN MORGAN, MUSKIN- 
GUM, GUERNSEY AND NOBLE COUNTIES. 


By ©. Newron Brown. 


Through Morgan, Noble, south-eastern Muskingum and north- 
western Monroe counties, the most important coal horizon is found 
about 250 to 260 feet above the Ames or Crinoidal limestone, or about 
80 to 100 feet above the horizon of the Pittsburgh coal. The areas occu- 
pied by the seam are indicated on the map which accompanies this 
volume (Map No. 9). The seam appears to be the Sewickley coal of 
the Pennsylvania series. In former reports this coal is known as the 
Upper Bellaire, Upper Barnesville or Cumberland coal. The. term 
Cumberland is already occupied as the name of a famous Maryland 
coal, and it will therefore be dropped, as a confusing synonym, and the 
coal will here be designated the Meigs Creek cnal from the name of the 
stream in Morgan county which drains a central portion of the field. 
For convenience of description this coal field will be divided into three 
districts. 

The first includes western Morgan, and eastern and Central 
Athens, and Meigs counties. Here the Meigs Creek coal is thin and 
unsteady, and of little economic value. 

The second includes eastern Morgan, Noble, south-eastern Mus- 
kingum and southern Guernsey counties. Here the Meigs Creek coal 
is the only coal that can be worked ina large way. 

The third includes Belmont, north-western Monroe, eastern Harri- 
son and southern Jefferson counties. Here the Meigs Creek coal is in 
good force, but it has to give way to the Pittsburgh seam, which is the 
thicker and much purer. 

The character of the coal and its!roof are surprisingly steady over 
the entire field. 

The average of many analyses shows the following composition 
(Lord) : 
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Moisture ......cccccccoscccccenccccccscce » esccscesccccvace os Levececccces secccceesccece 3.10 
Volatile combustible matter .............cccsccecsscocccccscccssces senses scvcee „ 40 to 41 
Fixed carbon. ...........ooaussonuoonnunenoosonnn seccccccpeccecscccccescucees eosecees 44 to 45 
ABD wicccscccccccccccscccsccccccccccn soccce cacess cocccscccseccesccecoucecesccce soscsccvens 11 to 115 
Sulphur, very near..........000 Lasossnssnsnunsunesnnnnsonunssnunuonsansnnsennnnenen b. 


This shows a coal very high in both ash and sulphur, and very low 
in fixed carbon. Such a coal can not ‘successfully compete with coals 
having from 50 to 57 per cent. of fixed carbon, 3 to 7 per cent. of 
ash, and from 1 to 2 per cent. of sulphur. The roof is usually a 
tough shale, making, when properly treated, a very good cover. Some- 
times there is a thin coal just above the main seam that is left for roof. 

The coal is high enough to be drained without the use of machinery, 
but usually a layer of hard white limestone is found in drain trenches 
at 1 to 4 ft. under the coal. 


The coal mines fairly well, and will bear considerable handling. 
Most of the mines visited were small country banks that were scarcely 
driven in beyond the outcrop coal. Through most of the second district 
there is a bone coal or tough streak, from 2” to 6” thick, near the center 
of the seam, which, if not carefully picked out, seriously injures the 
coal by increasing the ash and sulphur. Beginning on the Muskingum, 
and following the Meigs Creek coal south-west through the First dis 
trict to the Ohio river, we find it often wanting, and at other places thin 
and of little value. It sometimes thickens to a few feet over one or 
two sections, but does not hold far. The coal crosses the Muskingum 
river at McConnellsville, Morgan county. It is here from 2} to 3 feet 
thick, and is 250 feet above the Ames or Crinoidal limestone, and 82 
feet above the Pittsburgh, which is here 28” thick. | 

In the southern part of Malta township, Morgan county, the mark 
of the Meigs Creek coal is found on the highest ridges, but it has never 
been opened. The Pittsburgh coal is quite thin through this township. 

Through Union township, Morgan county, the Meigs Creek coal is 
found as a strong coal mark, at 90 or 100 ft. above the coal, which is 
here reported 30 inches thick. There is a small coal found between 
the Pittsburgh and Meigs Creek coals. 

Through Penn township traces of the Meigs Creek and higher 
coals are found, but neither of the seams has been opened. 

Nothing of the Meigs Creek coal was found through Homer town- 
ship, although the ground is high enough to hold it. 
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In the south-western part of Marion township, Morgan county, 
the Meigs Creek coal has been opened, and a thickness of 28 inches 
found. Near the south-eastern corner of Section 2, Marion township, 
the Meigs Creek seam shows the following section : 





Sandstone ....ccce cecscsecsscosccecvcces anunnnsnanssenusnnnnnnsunnnunne seccece © vecees 

Shale ......cccccccosecocsscssccscnseccccscecscessccscecs cosceecs nansannen -ssesseeseoas „ 8 feet 
Bone coal, called cannel Coal ........uaesssonossuunnnnnensonnensunennnssenensunse 8 inches. 
Slate .....cccccccoccccccccerccvevcecsces: seceessecvesosscecses noonsannanenenssansneneunnsene 2 * 
Coal .....ccccsccecccccsccccecsceccccccesccnccccceccccvassnccescccusrsecescosces secsescasees 15 OS 
Slate.......sccccerscosscessecsssccsascorseccersassnscsnsoe sescensensseseasen seeseagensseess Q « 
Oo8l ......sscccccsccnccnccee:asccesccscnccncssconscs socesecsevenscesccacsssansoeess coseseess 6 ¢# 


The analysis of this coal is as follows: 


Marion Township Coal (Lord). 


Moisture .........cccscccccccccccscccccec sunonnnnesennuunnnnnennnunnn nunnnne secccceseccoosoes 8.94 
Volatile combustible matter ........ccccccccecccccccccs cocnccceescccveccccesccvccsccs ~- 89.45 
Fixed carbon ......ccccccccccvercccsccccceccce conccece sesececccccsccsceccsesce secoseccvees „ 44.13 

I Ash ......cccceccccccccscees ersnssnersnsnesnnennne © sence seuss eneeacceeceseaaencensenseecnsens 12.49 
Total .....ccccscccccccscccccccscccccnccevecccestecsesveccccccs: sovccncs sencecccconsescscece 100.00 
Sulphur .........cccsccscsssccsccesscacecce: secevccscscccssceaccccesccesescsceescevessesscecace 4.97 


The coal is quite high in ash and sulphur, but can be put to many 
uses. 
Traces of a coal higher than the Meigs Creek coal are found in 
south-eastern Marion township, Morgan county, and eastern Bern town- 
ship, Athens county. 

In the southern part of Windsor township, Morgan county, the 
Meigs Creek coal has been opened at many places along the Muskingum 
river for local supply. 

In lot 1114, Windsor township, Morgan county, the Meigs Creek 
coal measures as follows: 


Shale roof .......ccccccecccnscescccscccssorsosecesscssesescccvessccusscccccscccnevecs — 
Bone COR) .....cccccccsccccevevccccessescceccvcascccescvcccccsecscsscccsccenconsacece 8 to 4 inches. 
Slate ......ccccenseces cocvcvvcccccvecscncccsccsccces senses secccaseeccecss senses cccecs - 8 in. 

Coral, slaty ........ccccmcssseccocceccrccesscaccesccneescseee secsesces ccesonseveoeese 8 in. 
“Tough streak”? ......sccsccccsccssssscavsnscsccccsccscsecsscccscccses sees: sores 2 in 

Coral ...... ccccecccccccecccccceseccce cesses vcvcsscccecs sccesses ceccsecoesserecenscsces 18 in 

Clay .......cscvveccecsccccccces sssccccescccccccessccccveccncseecees cenenccesecoceceees 


Trimble and Dover townships, of Athens county, have none of the 
Meigs Creek coal. 
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Ames township, Athens county, has the Meigs Creek coal in 8. W.} 
Section 24,-on W. Kasler’s land. It is 264 feet above the Ames or 
Crinoidal limestone, and has the following section : 


Shale ....cccccccessccsss covcasccnsvccscccesccnssccsscesaccesenscssessecee scccsecessnsces 

Cron .......ccssscsccecsscnss scene seecceccsconcacecs coccccesesnsscsacsossscccesncccsseccese 12 inches. 
CRY ...seccacccsccscossenns snrenecs cnenrenscecsesseccceeceseccesens ceseceesececcsesccoes 18 to 24 in. 
Coal ...c.cccoscccccscccsnesccvcsssccsvsccnccscecsscscccsscesesesveccsscesescccecsccccnsacs 34 in. 
Blate...cccccsccscccccvccccccvce cesses ences scccecsteccescccens secceccccccssscsecccccoececese 1 to 2 in. 
Coal ....s.cssee ccccscves sssecces scncscaensceceevcseccecsceseccencecccocces cvccccccccnsces 8 in 

Clay ....00 222000 cesses coscscscscecsccersccscceceeconcccesscesscccesseccescnescs cesses sonen 


This is the most western point of the Meigs Creek coal in northern 
_Athens county. 

The coal is found at Fr. Sec. 2, and Sec. 13, Bern township. At 
Fr. Sec. 2, it is reported 4 feet thick, and at Section 13 only 18 inches. 
At the latter place it is 119 feet above the Pittsburgh coal. 

Athens township, Athens county, has the Meigs Creek coal in 
N. E. } Section 4, but it is near the hill-tops, and the area of good coal 
quite small. 

The Meigs Creek coal is found through most of Canaan township 
Athens county. In S. E. + Section 23, it is 95 feet above the Pitts- 
burgh coal, and in Section 33 it has in the past been mined. 

It is opened on Mrs. Sam’s farm, in 8. E. 4 Section 25, on the 
waters of Willow Creek. It here was 30” thick; nu partings noted. 
A few feet under the coal is found, through this township and on Long 
Run, a very thick ledge of sandstone. In the north-east part of Rome 
township, Athens county, several unsuccessful attempts have been made 
to find the Meigs Creek coal thick enough to mine. 

The coal is well shown in a branch of Big Run, near the north side 
of Section 12, and in Section 18, Rome township, the coal is 125 feet 
above®Federal Creek, and shows an outcrop 5 feet thick. 

Alexander township, Athens county, is not high enough for the 
Meigs Creek coal, although the Pittsburgh seam is found throughout 
the eastern part of the township. 

The coal has been found in northern Lodi township, Athens county, 
but nothing of it seen in the southern part. On Chas. Brown’s farm 
in N. E. + Section 30, Lodi township, the seam gives the following 
section : 
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Shale roof, good 

Ooal ........cccsceccaccnecvcscsces socnccces seccessesccccccsseccecoeces seeeesceeses soseeenes 28 inches. 
Slate ......-ccccsservccescccscccccccsccnscsesesssesesssnens secescee sononsensnnasnseennsnenn 122 2 
Ceol ....uns00sennenneennnenensunanunn-nnonunonsennannnnnennonnsnsnnnnnnnn nennen ssnnnneneene 4 * 
Clay .....cssoccccscnsrssscceccccecccccesscescesscconscscssscceessensccees onsonsenasnnneneee 2 
Coal, exposed, 24 in., rEported.........arsssusnenaonusunsensen senssnnensnennenee 86 OtC« 
Bottom, not exposed. 


There is a ledge of sandstone 60 feet thick under the coal. This 
is on Long Run. In Sections 12 and 18, the coal has been opened and | 
found thin and unsteady. | 


In Fr. Section 12, and Fr. Section 3, Lodi township, marks of two 
higher coals were found—one at 235 feet, and the other at 100 feet 
above the Meigs Creek coal. 


In neither Carthage nor Troy townships, Athens county, could the 
Meigs Creek coal be identified. A few faint marks, probably belonging 
to the upper coals, were seen, but no openings were found. 

Through Meigs county the Meigs Creek coal seems to have entirely 
disappeared, as no trace of it could be found, although much of the county 
is above its horizon. 


The second and most important district of the Meigs Creek coal 
includes that part of Morgan county east of the Muskingum river, 
south-eastern Muskingum, all of Noble and south-western Guernsey 
counties. Through this area the Meigs Creek coal is the only coal 
above drainage that can ever be mined ina large way. There isa 
large area of coal in eastern Morgan and western Noble counties, of 4 
to 4} feet thickness, that can easily be reached by railroads in the val- 
leys of Meigs and Olive Green Creeks. 


Bloom township, Morgan county, holds the Meigs Creek coal in 
the north-east part in quite a number of sections. It is here from 3} 
to 4} feet thick, with a characteristic parting or “tough streak” near 
the center of the stream. 

On V. Savall’s land, in N. W. 4 Section 1, Bloom township, the 
coal measures 53 inches, including two thin partings. For the analysis 
of the coal see the following table. 

The ash is unusually large, and the sulphur is above the average. 

The coal on Wm. Barkhurst’s land, in 8. W. + Section 26, Bloom 
township, gives a section that holds with little variation through the | 
entire township : 
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Shale roof, stands fairly well. 


Coal .....cccssscscsccsccvcencscceseenscecer seecns sencoeees teccns cesesecosesesecccsscccce secsceses 18 in. 
“Tough streak,” or bone Coal .........0csccsee ssocsceescrcscccesscces IPPFEPFFPRRFRER 4in. 
Coal ... ...sccscccccsccsccrccssccscecscsnsegescscccccssesccescecss senses seveeece: seoseseeccecens 18 in. 
Clay, aD0ut..... zessosoonnensoussunonnnennunsnannnensansnnonsenenunsunnn cesses seesaneccccnses 2 ft. 
White non-fossiliferous limestone ............cccccccecsccscscercce noonennen nusunnnne — 


The Barkhurst coal was also analyzed (see below.) 

Coal from Barkhurst’s and adjoining banks is used in McConnells- 
ville for ordinary domestic purposes. It is reported as making an 
enormous amount of ashes and clinkers when used in stoves. The 
analyses appended show the grounds for such charges. 


Bloom Township Coal (Lord). 





Moißture .......c.-ccsccccccccccccccncs sovcevevcccsccsccscccceccsscccsecscesccesceccecs 8.15 3.68 
Volatile combustible matter ..........sssonsossenonsenononuunnunsunnnen conanr 41.50 40.44 
Fixed carbon..........nsaseousoonsanenooonnnnnoneunsanner ecacescecccecscesccesseeses 88.74 43.41 
Ash 2. ..ccccccccccccccccccvccsccce secccecsccconscccesscccccsencecesece cescscvesececes on 16.61 12.47 

Total ............ joussssmnenssnesnnennsusnssnnessenenneen eosersssapeceenensneers 100.00 100.00 
Sulphur ......... sseccces cessevecesccvccssacsecereccsecsessaseescecencesseeseecesssoees 5.73 5.74 


No. 1. Savall’s coal, Sec. 1, Bloom township. 
No. 2. Barkhurst’s coal, Sec. 26, Bloom township. 


Morgan township, Morgan county, has the Meigs Creek coal in 
good force all through the eastern part, but it is thin in the river hills. 
It is mined for the McConnellsville market at a number of small banks 
in this township. It was measured on Abram Farris’s land, in N. W. } 
Section 35, T. 7, R. 12, Morgan township, also on F. Roberts and Alex. 
Offord’s lands, in same section, and on R. Whipple’s land, in Section 36, 
same township. In all these mines the coal ranges from 3 to 3% feet, 
with a tough streak or bone coal of 3” to 4” at the center of the seam. 

On E. Sherwood’s land, in S. E. + Section 19, T. 10, R. 11, Mor- 
gan township, the coal is found 36 inches thick, with no tough streak, 
but with 10 inches of poor coal at the top. The roof is shale, and 
stands well. 

On the hill just east of McConnellsville, a section was measured 
showing the position of both the Pittsburgh and Meigs Creek coal 
with regard to the Ames or Crinoidal limestone. 
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The Meigs Creek coal is 250 feet above the Ames limestone, and 
82 feet above the Pittsburgh coal, which is here 68 feet above the Ames 
limestone. 
The Pittsburgh coal seems to be higher than usual—the lower 
interval being longer, and the upper one shorter than at other places. 
The coal analyses as follows, in Morgan township: 
No. 1. Abram Farris, N. W. } Section 35, T. 11, R. 12. 
No. 2. R. Whipple, 8. W. + Section 36, T. 11, R. 12. 


No. 8. E. Sherwood, 8. E. } Section 19, T. 10, R. 11. 
No. 4. Meigs Creek Coal, at Hooksburgh, Windsor township. 


Morgan Township Coal (Lord). 


Moisture ...........ccccccccccccscce seccccccs seccescescnscssecens 4.20 8.75 8.85 8.98 
Volatile combustible matter .........ccscccssesccccceces 88.65 40.55 86.72 | 40.84 
Fixed carbon .........cccccccccccccscccccscecce recceesscseeces 48.88 44.02 42.48 | 46.49 
seven ceccce veccecsecccccceccccccuee sesconsas seceesccsces cases 18.32 11.68 17.00 8.74 
Total ........ccccccccccceccccccccccces coccces cocceccuserees 100.00 | 100.00 | 100.00 | 100.00 
Sulphur .............ccccccccceescocsvuce seccceccocssces scccssees 5.87 5.69 5.28 4.01 


All of these coals are very high in both ash and sulphur, and low 
im fixed carbon. The ash is red, showing the sulphur to be combined 
with iron. The northern part of Windsor township, Morgan county, 
has the Meigs Creek coal, but not much of it is shown. The coal is 
-opened in the north-east and north-west corners, but through the cen- 
tral part along the river the crop is probably so low as to be covered 
with the drift deposits of the valley. 

The coal is worked at Hooksburgh in the north-west corner of the 
township. On Jas. Noyes’ land, in lot 75, Windsor township, the coal 
is worked for the village use. The coal is hard and bright, and is in 
every way & promising coal in appearance. It measures 3 feet, with a 
‚small irregular slate near the center of the seam. The analysis of 
this coal has been given above. The analysis shows a better coal 
than either the Bloom or Morgan township coals. In the north- 
east corner of the township, on Olney Run, and about the mouth 
of Meigs Creek, the coal is found from 3 to 34. feet thick, and quite low 
in the hills. In lot 33, Windsor township, on Mummeys’ land, there is 

the best showing of an upper coal found in this entire coal field. It is 
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near the top of the highest ridge, and must be from 210 to 250 feet 
above the Meigs Creek coal. No reliable measure could be had. The 
coal gives a section very like the Meigs Creek coal; it is as follows: 


Clay shale roof, very poor. 

Coal .......cc-sscsccesscsssccce scenes csecoreccact ones cenceussecsesensccecercccevsvessseers cases: 16 in. 
Slate and bone Coal...........s00sssssecssvssscsscss cesses cesses sense cocceecessevces ceeees 8 in. 
Coal ......0000002 peerseasenseees lanes snanssnssssnnsnsssnsnensennanennanssntsnsanenennnn saves 94 in. 
Clay ...... cccsssssccscecccccnscecccccccnsccasescecsecees caccecees conencecsseccccscesevsceseeacs 





This is probably a local thickening of one of the upper coals usually 
found as a mere mark or blossom. This is the only opening found in 
the high coals. 

The Meigs Creek coal is due in all parts of Meigsville township, 
Morgan county, except when cut out by the creek valleys. 

In the extreme south-east corner, in Sections 35 and 36, the coal is 
from 3 to 3$ feet thick, and near-the level of the creek valleys. It is 
a little thin and irregular in the southern part of the township, but in 
the northern part is steady and in its usual thickness. 

In 8. W. ¢ Section 26, Meigsville township, on Hooper’s land, the 
coal was worked one winter, but found thin, and abandoned. In N. W. 
+ Section 5, the coal has been opened, and reported a solid seam of 2 to 
2% feet. Through the northern part of Meigsville township two small 
coals are found below the Meigs Creek coal—one at 55 feet below, and 
12” to 20” thick, and the other 81 feet below the Meigs Creek, and 
found 20 inches thick. 

The lower one is probably the representative of the Pittsbargh 
seam. On Chas. Walker’s land, in 8. E. } Section 1, Meigsville town- 
ship, the coal gave the following section: 


Sandy shale. 

Slaty coal left for roof, stands well ............cccssccescsses cesscesescecneccns 9 inches. 
Clay 0... ssscesceessssssceeecssees Lees sansansnnosnasannenannenannnunnnanenenesstennannrn 3 
Coal ....cccce sececsecesccesesscnsssenssncsesrecsessevesesanens cesses senses seccescoesesens 2% ¢ 
Slate or tough stTeak........cccsscsccsesccescsscesscnvesccccescecece covoseveesneees 4 * 
Coal ..ccccccoreccesescnes enansssnnasenansennannunsunnen snnnennsnsnnnnunnensnnennenen ss « 
Oly ..sececes vecccecssccvncccsccnccsccecsccenecconcscsces senses secees teense casees soccenees — 


The analysis given below shows a coal much better than the average 
of this seam. There are a few clay veins found in this mine, but they 
are neither lerge nor frequent. The Meigs Creek coal is unusually free 
from such disturbances as olay veins and horsebacks. 

On Walker’s land a bank of cinders and clinkers found by the coak 
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burning into the hill has attracted considerable attention as a bed of 
iron ore. It can be of no value as an ore. Near Unionville, on J. W. 
Barkhurst’s land, the Meigs Creek coal is mined, but it is not quite as 
thick as the Walker coal. The analysis is given below. It is unusually 
high in ash. 


Meigwille and Bristol Coal (Lord). 











1 2 Eu 4. 
Moistur® .....ussosuuonssenonnusnunemanunnsonnenennunnnnnnnne 2.57 2.98 8.08 4.62 
Volatile combustible MAtteL......cceccecccccscccccccce 4150 87.17 42.08 83.88 
ed carbon ...cccccccccces scccecscocccacecssccceecencesess 46.65 48.55 45.59 4241 
POI TICESTITITETITiTITitrirriririy Titer rir yt) 5.28 16.30 9.85 19.64 
Total .........0.0:cecccccccscccscsccccccccccccccvcccossene 100.00 | 100.00 | 100.00 | 100.00 
Bulphur ......cc..ccccsscccescecsescoccnvcscccccerccccecccsseece 4.80 4.50 5.19 2.64 


No. 1. Chas. Walker’s coal, 8. E. } Section 1, Meigsville township. 
No. 2. J. W. Barkhurst’s coal, Section 18, Meigsville township. 
No. 8. Average of four analyses in Bristol township. 

No. 4. “Tough streak,” from Jos. Reed’s, Section 31, Bristol. 

Through Bristol township, Morgan county, the Meigs Creek coal 
lies high in the hills, and the broad valleys of Meigs Creek and Mann’s. 
Fork, of Meigs Creek, have cut out large areas of it. The “tough , 
streak ” is very persistent over the entire township, ranging from 1” to 
4", and the entire seam from 3 feet to 4} feet. 

On the land of Webb Lawrence, in 8. W. + Section 20, Bristol town- 
ship, the coal is in two benches—the upper, 20 in. thick, the lower, 
24 in., and a 4-inch “tough streak” between, making the full seam 
just 4 feet. This is the usual section of the coal through the entire 
township. The average of four analyses is given in the above table. 
The analyses show the coal to have a lower per cent. of ash, but a 
higher per cent. of sulphur than the average of the seam. A sample of 
the “tough streak” was taken at the mine of Jos. Reed, in 8. W. + Sec- 
tion 31, Bristol township. The coal was 34 feet thick, with 6 inches of 
tough streak near the center of the seam. The analysis of the tough 
streak is given above. 

The ash of the Meigs Creek coal is usually red, but sometimes has 
a tinge of purple. The coal usually makes clinkers in stoves. 

Over the coal, 55 feet below the Meigs Creek coal, there i is fre- 
quently a sandstone that furnishes good building stone. 
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The greater part of Manchester township is underlaid by the 
Meigs Creek coal in its best development. The coal is rather low in 
the hills, so that the creeks have not cut away a great deal of it. Meigs 
Creek, through the central part, Brannon’s Fork, through the {north- 
west corner, and Olive Green Creek, through the south-east part, 
furnish every facility for reaching all parts of the coal with railroads. 

The coal is here usually known as the five-foot seam, but no 
measures we found over 44, although there may be such. The thick 
tough streak is replaced by a thin clay parting near the center of the 
seam. On Dan. Fowler’s land, in S. W. ¢ Section 29, near Reinersville, 
the coal gives the following section and analysis, which may be taken 
as representative of the entire township: 


Clay shale roof. 

Coal ...... ... | ensonan ceenen secs senses seeens caves sanssomsse nanennnansnnsannsnnne sees 24 in 
Clay parting.............cccsrcccsssccsccsscrsccsorcccces cesses cnees cosas ceases senses I” to 2” 
Coal ......ccssccscccccsscescscccecsccnceccscssccccee senses sasneees easatee osee sensesees 26’ to 27” 
Clay ......20usnusonaenzonssnnsnnuusnnnunnnnsnnnansen nennen aanannunn nun sesescosonccooes 5 feet. 
Limestone ........ccccccccccssccacccscances ce sesecescscessevces cocasecesneeseveescss ~— 


At other places in the same mine the entire seam measured a little 
over 4% feet. The analysis is as follows (Lord) : 


Moisture ....ccc0c-ccccccccccccceccccccccecenccccnsceccescsonesccccrscecescerccoesccecccescsecs 2.42 
Volatile combustible Matter ........ccccecccseceves seccecccccacces sesceeses ececccces „ 42.35 
Fixed carbon ......cc.cccccccccccsce: seccccccncocsecces scvccseccccccescceces coccceses saecse - 4620 
Ash .....0.ccccccccccccsccccccccensscccccccsccccccee ccsceecccces cescveces cescecccecassscceccececs 98 

Total .....cccccoccsccsecccccecccccseus <00000 cosecccvescccessccecs soscnstccerccccesscce „ 100.00 
Sulphur ......ccessecscsees | onssnnsnsansunssnnensnnue snannaner uonssanen ooceccecesersnsces cecees 4.64 
Specific gravity ..........ccescccsccceccee sacsecceewescencs © asses seseccessssces seeeecos 1.382 


Centre township, Morgan county, has a larger area of the Meigs 
Creek coal than any other township in Morgan county. The coal is 
low in the hills, and Big and Little Olive Green Creeks cut only narrow 
valleys through it. 

The coal has been opened on almost every farm about Center Bend 
and up Olive Green Creeks. On John Wainright’s land, in S.E. 4 
Section 28, Centre township, the coal is in two benches—an upper one 
of 6 inches, and a lower one of 24 inches, with a 3-inch bone coal be- 
tween. The analysis of this coal is given below. In the S. E. } Section 
30, Centre township, on L. Andrews’ land, the Meigs Creek coal is 
found to be a fair cannel coal. The seam is thin here, as only 2 feet of 
coal was found. There was no parting. 
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The coal was hard and bright, and makes red ashes. 
In 8. E. } Section 19, Centre township, a section showing the 
strata above the coal was measured as follows: 


Shale, Ox posed ......... au... sesonnsnusunennnnennuunsnenensnuunnuns snnanenun snnnse sees 2 feet. 
Non-fossiliferous limestone. ... ........essoussosenssnunnensonsnnensassnnnunnenenennn: 4 “ 
Hard sandy shale........c..ccee coos cococcecesceee basecee sees ae nabece vcnsaccesecccacns 9 “ 
Non-fossiliferous nodular limestone .............cccccccrccscesese ssceee sannanscn 2 “ 
Sandy shalle..........c.sccccsssescocesccsccscnccce tnsenecescoccaccns sevens cecersscsnssences 2 “ 
Sandstone..........  casccvcseses sanesscesecesavecssceser cases sesens snsann rensarcoses nenne 2 “ 
Shale, gray at top, and blue at bottom ....-....rsuuseussssesonnonsennannannense: 12 “ 
Coal .......csscscecccccscnsscosssnscsssossanscees cesses snsces sccees cesses seseassccsceons „. 15 in. 
Bone coal and slate mixed.............ccccceces cece oonsananunnnnesnenuunee seem 9 in, 
Coal .....ccccnssscsccces sovcesccsceccen cesses ccnseeessesaceeeas sessssscesseescceces cossevens 21-24 io. 
Clay ......-csccscevececscececcsecescoces sesccecnenescccoes nesses secserseseesseseesees seeesces —— 


The bone coal and slack are here used for burning lime, which is. 
done in open piles. 

In N. W. ¢ Section 26, the coal goes under Olive Green Creek, 
and the dam of Moscow Mills is built upon it. From this to the south 
and east the coal is below drainage, but to the north and west it soon 
gets above the creek. | 

On John Henderson’s land, in S. W. 4 Section 23, the coal is 5 feet 
above the creek, and has two benches—an upper one of 19 inches, and 
a lower one of 21 inches, with 3 inches of slate and bone coal between. 

In N. E. + Section 23, Centre township, a section was measured, 
including two coals above the Meigs Creek coal. The higher is, by 
barometer, 245 to 255 feet above the Meigs Creek coal, and the lower 
is, by hand-level, 156 feet above the Meigs Creek coal. Neither of 
them was found opened. 

At this and some other points in Central township a-thick sand- 
stone from 20 to 30 feet thick is found a few feet above the coal, and 
quite frequently a thick sandstöne was noticed close under the coal. 

On the land of R. W. Combs, in 8. E. 4 S. W. + Section 9, Centre 
township, the Meigs Creek coal is mined for the local supply and lime- 
burning. | 
It here has two benches, separated by a black slate of 4 inches. 
The upper bench is 13 inches, and the lower 30 inches (see the analysis 
below). In this mine a few clay veins are found, but are neither large 
nor frequent enough to be of serious trouble: 
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Center Township Coal (Lord). 








1 2. 
Moisture .....ccceccsccecnccencccces ccccccccccsscccccuce serecccccsce coccececsceas sess 3.00 2.35 
“Volatile ile combustible MAttOT 220200 ceccsce sccccccccccecse sevcccsccccnscscses 40.83 41.67 
Fixed carbon.....ccoccsssessces deccccecevcevevescecccceeccececcescocececcsecs cocess 45.75 43.38 
ABD... .cecccvceccecescccccvccescccscccecccces sosccecesccceccccchesece seesece we cccece 10.42 12.60 
Total......... Nessonennuen covccccedsccccecsesscsnscoses cossenane rasnes seesenes 100.00 100.00 
Balphur ...........2cessecceeccecenes svaccccccs cccccscccscseacecs Laveeccccccecccscases 5.85 5.89 


No. 1. J no. Wainright’s, 8. E. } Section 28, Centre township. 
No. 2. R. W. Combs, in 8. W. + Section 9, Centre township. 

The Meigs Creek coal is found in the tops of the highest ridges in 
the eastern part of Blue Rock township, Muskingum county. The area 
of first quality coal is small, as it is so near the hill-tops; the covering 
is thin and light. The coal is opened on Hunter’s land, in 8. W.} 
Section 26, Blue Rock township, near Rural Dale, where it is nearly 4 
feet thick, with a parting near the center. 

The coal is opened on a number of farms in the vicinity. 

Meigs township, Muskingum county, has a large and valuable ares 
of this coal. It connects with the coal in Bristol and Manchester town- 
ships, of Morgan county, and with Brookfield, of Noble county. On 
Howell’s land, in S. E. } Section 8, Meigs township, the Meigs Creek 
coal is found 39 inches thick, in three almost equal benches, having 
slate partings of an inch between them. | 

In the N. E. + Section 9, Meigs township, Muskingum county, the 
Meigs Creek coal gives the following section : 


Clay shale. 

Rotten Coal .....cccccccccosccssccccenscccsconccscs creesecace sesescecccececccscsocaceces 24 inches. 
Olay Ae nnsnnsunnnnnsennansnnene 20 “ 
Coal .....2.sccsccccccccerccses sossceess cosceeees cccnccssensonsesccenecesscecs cosecececess 18 “ 
Slate ......cceccccenscscssssscesscvccencenececcnce sevsosscsscecss sonnse neces cceveccccccones 1 “ 
Coral .accccccccscccecscccresccvccccccevscccesccccae es 0 stneecceccsccenccecsccsece coceceses 16 « 
Slate .....cccccevcccscnrccscecscscscecccsserscesececosen cs seer nec vescccsesserecssescosscesce 1 “ 
Coal, exposed ........ Lecceee ansonunenunnuensensaunsne sesseesecs cesses seccscssnecees ~18 “ 
Bottom, not exposed. 


On Paisley’s land, in S. E. 4 of same section, the seam shows the 
same structure, except that the lower parting is 6 inches thick, and the 
upper parting is nearly lost. 
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In Section 9, Meigs township, hand-level measures were had to 
coals both above and below the Meigs Creek seam. The section is as 
follows : 


Coarse sand Btone.. .....c0e-csccecsccsscsccrecssens essences nasensennsennnnennnnnnn 25 to 30 ft. 
Clay shale ..... .....c..sccecccer sonnananuonnasunnnsnnanananannusnensnensnnnsnnunnenune 1t02 ft. 
Coal, reported ......uee-- sur oeosnenununnnuncne \essssusnssnsansnnanssenanssen oo rosa 18’ to 24 in. 
Not OxpPpOsed...........csccrescsccsececccssccscescescssccsscenscsosenssescescccnsecscees 128 ft. 

Meigs Creek coal.........sssccscsccessccceecccscs scccscccccsscceccccsccceccesceses ~ 4 ft. 

Not @xposed.........ccccccsscscccscecsrcscccescsserccencs soseces peeceenncceccccnesecees 88 ft. 

Coal, reported .......ssunesosnsuenasonensonununsunnnsonnnnonannnununnunen aansancnı aes 80 in 


Both upper and lower coals had been opened. The lower is 
probably the Pittsburgh seam. The seam was reported to hold 30’ of 
solid coal. 

On John Lett’s land, in N. E. + Section 26, Meigs township, the 
Meigs Creek coal is benched in the creek bank. It is used by all the 
«country blacksmiths for several miles around. The coal is in three 
benches, separated by inch partings. The upper bench is 16 inches, 
the middle, 12 inches, and the lower, 24 inches. . 

The Meigs Creek coal is found in the high ridge extending north 
through Rich Hill township, Muskingum county, and dividing the 
waters of Wills Creek from those of the branches of Salt Creek: The 
coal area is small and of little value, except for local supply. 

In Sections 21 and 22, Rich Hill township, measurements were had, 
showing the position of the two coals and Ames limestone, as follows: 


Meigs Creek coal............ccccsscccccscee socccccecess PPRPPEFRFREPRE PEPPPPPPEPBPPREFERPR 44 ft. 
Not OXPOSed............cccseccscsccrcccecevevccccceccreccccessccesrccccessceesssnsseees anne 81 ft 
Pittsburgh coal .........ccccccssocsesesccccccccsccccccecsscces sannnonunenunnonenssanne sannns 8 in 
Not 6xPOBed.......oeosensseonennnnunnenonsunsnssonaunnuen ensuansonsansuussssnsossunn nennen 151 ft. 
Ames or Crinoidal limestone, about..........ccccsscsccescscnescecssscecssccsccenes 2 ft. 


From the Ames or Crinoidal limestone to the Meigs Creek coal is......282 ft. 


At the portals of the B., Z. & C. R. R. tunnel, in Section 22, Rich 
Hill township, a good section, showing the strata above and below the 
<oal, is furnished : 


Soil. 

Soft shale ........ .cccscccssccsscsccscscccsassscccsnscarscessess seasecacces secces 12 feet. 
Black slate .........ccsscccsescscnccscccsccscerccccccsescscsssssecscescoes sevsesess 6 inches 
Clay, or clay ahale .........csssssscscssasscccssccascestencscccscecsccesscesccses 1 * 
Blaty coal.........c.cccccseccsccscsscesccsenccovcceccosccccens cccees senses senseeees 5 
Parting.......scscoccssccscccssccccncccscscnsscnccscere conver ssccss access sscec cusses + * 
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Hard slaty coal ..........csscsccecccsceces eoccecercccosencs conseeccens sonseuene 5 inches. 
Black slate .......2...cccsececsessccsccsssesscccssssccesccccec cosas seancessesensce 7 
Coal ....ceccscesrssserccssce ceetee senses cssees set sesaceacssateaesas seseaesesses sonen 9 “ 
Olay 2... unsere ssnnnnnnnnen s © cones sescnser: cossnscsseeeseessescceus sescesenecsaces 80-36 “ 
Limestone, non-fossiliferouß ............ccccccece vossscsensccccces coscecees 1 ft. 
Clay ...ceccecccccscececcsceccessccssssensenece sceesesonssssevcnsees secesstecsessenees 4 it. 
Solid limestone, non-fossiliferous...............scccseecscceces cossseces eee 16 ft. 


At Rixville, in Section 3, Rich Hill township, on John Smith’s 
land, the coal is worked for a steam mill. The coal is 49 inches thick, 
and has a 3-inch clay parting, 24 inches from the top, and 7 inches of 
slaty coal, 10 inches above the bottom. The analysis of the Rixville 
coal is herewith given: 





MOIBtUTe.......cccceccccescccccccces coccccceccsccces cosecccccccccccccsacscccscccccsceces sonsce 4.04 
Volatile combustible matter .........cccc-cssecccccsccccsnccsecccsscccscescoccecscccnce 39.59 
Fixed carbon.........cccccscccccscccccccccsecs | oeccecccecncces ceccnsccececscscaccescovaccese 4458 
ABD) ... .ccccsccn ceccccccccccsccccscccceccccece sessccece ccceccuccccsssecscovccaccessesececcocevene 11.79 

Total... ....ccccccccescccccncecccccce sonne concceccsscncnscvcceccesccsccerccccsecscesnevecs 100.00 
Bul phur........ccccccccccscccscccesscevceccscccccccce secsccccnece csesee soterecevers veces cnsese 8.81 


"At Rixville the Pittsburgh coal has been opened at 82 feet below 
the Meigs Creek coal, and found 30 inches thick. A solid seam with 
no partings. 

The Meigs Creek coal is found a few miles north of Rixville, in 
Union township, Muskingum county, in small outliers, but the coal is 
of little value. 

The coal also follows a ridge east from Rixville, into Westland and 
Spencer townships, Guernsey county. It is found only in the extreme 
south-western corner of Westland township, Guernsey county, and is 
very high in the ridge. It was reported from 33 to 4 feet, with a part-- 
ing near the center. Spencer township, Guernsey county, has more of 
the Meigs Creek coal than any other township of Guernsey county 
The coal is found in a high ridge, north of Cumberland, running east 
between two forks of Wills Creek. In the N. E. ¢ Section 29, Spencer 
township, the coal is 48 inches thick, with a clay parting 1 to 2 inches, 
13 inches below the top, and a’3-inch bone coal, 9 inches above the 
bottom. The lower 8 inches of the middle bench is rather slaty and 


poor. 


— ee ee tn | 
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A soft, coarse sandstone is here found a few feet above the coal, 
which is quarried and crushed, and used for building sand in Cumber- 
land. Most of the coal used in Cumberland is mined just to the south 
in the edge of Brookfield township, Noble county. It is from this par- 
ticular field that the name Cumberland was applied by Professor 
Andrews to the seam. Every township of Noble county, except Buffalo, 
holds the Meigs Creek coal. The best areas are in the western and 
southern parts of the county. The broad valleys of the West Fork, of 
Duck Creek, in the Central part, and of Buffalo, Seneca and Beaver 
Forks, of Wills Creek, in the northern part, cut out large areas of the 
seam. 

The seam will: average for the entire country very nearly 4 feet. 
It is often reached 5 feet, but also frequently comes down to 2% and 3 ft. 

In several townships a “roof coal” from 12” to 18” is found, 6” to 
18” above the main seam. In this it resembles the Pittsburgh coal 
through Belmont county. 

The Meigs Creek coal still holds its high per cent. of ash and 
sulphur through all Noble county; Brookfield township, Noble county, 
holds the Meigs Creek coal in all parts, except the extreme north- 
eastern corner. | 

In the eastern and northern parts, the coal is high in the hills, 
while in the southern and western parts it is only a few feet above the 
creek valleys. In the S. W. + Section 4, Brookfield township, on 
H. C. Hunter’s Jand, the coal gave the following section: 


Hard shale, good roof. | 

Coal ........sccsceccsscescsccccoas seceecesees sescsseesecsccsseacon cesses secsessceceeces 11 = inches. 
Slate partimg........c.00. ccccosscsscs ceecesce sonen seessscesescossesscoseesecces 2 * 
Coal ......cc00.  cceseesceccesnscceccensnccnecsvensssecsnccsces sescoesensevensces ences 16 “ 
Clay, or slate parting...........sneussnenssnenununnsonunnsonnnnnsssnsnenensennee 2 “ 
Ooal ..arennssonorsnennnunnensunnanuunnannsanensonnnsanunsr ann nnunnenmnennnen nenn ennnne 12 “ 
Hard slate with ferriferous sandstone .............sssecssesscsseccoscecs 4“ 
Coal 0.0... .cccsccesccsscccnscsscscressecsceseecseres secescecs seeestensceseescecees esere 12 “ 
C1ay ......cc-ccccerececccccnsonccnsccces cosecscensscces ennnunnununansnnen sansnnnen rennen — 


On Geo. McEndrie’s land the same coal is mined, and gives prac- 
tically the same section. These mines furnish a greater part of the coal 
used in Cumberland. At about 30 to 40 feet below the coal, in northern 
Brookfield township, there is a ledge of fine-grained, tough sandstone 
that makes an excellent building stone. The ledge is about 15 feet 


thick. These quarries furnished the main supply of stone for Guernsey 
68 G. 
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county court house, in Cambridge. The Meigs Creek coal has been 
stripped in the bed of Meigs Creek, in the center of Section 18, and has 
been mined at 15 to 18 feet above the creek valley, in S. W. + Section 
30, Brookfield township. 

The coal has at some time been opened on almost every farm that 
has its crop, but the mines are not kept in a condition to be entered. 

At John Dickson’s steam mill, in N. W. 4 Section 31, Brookfield 
township, the coal gave the following section : 


Clay shale roof, poor. 


Coal .......ccscsccsscsnce cosessecccncscen eeeseessceee scescanes sescesees sossacses soscesacs 6 inches. 
Clay parting, often full of ferriferous sandstone .........-..scsess neuen. 3 “ 
Coal ......ccccseesecsececsccncscceccncccecse sanees senses seceecececee secnes sescesesscecsecss 13 “ 
Hard slate, full of ferriferous sandstone ...........ccsscscsecescosccecerees 3 * 
Coal .......0eccsceccceccnncesccserccecccccnscscasses soscnces nasser sannnumenunnnenee eases 28 “ 
Clay ....cccceccccnececsnce secccsccscesensccs consenseseccesecencscsscscscce sacescenescseee —_ 


The total seam is here 4 feet. It is reported as often reaching 4 


feet, and sometimes 5 feet. 
On the land of John A. Thrap, in N. W. + Section 22, Brookfield 
township, the Meigs Creek coal gives the following section: 


Clay shale roof, poor. 


Coal, slaty and poor... .........ccsssececsscsecesceccee covccce ansonsonnsenssnnunnne 6 inches. 
Clay parting..........ccccccssccccrccsssonseessesonee eeccecscesseees secccececeessecees 1 “ 
Coal ....ccccsscsccscee soscccseecetccessonscssnccesacececccscesscssssecccssssssscaccccscoese 5 * 
Hard slate parting .............. bese scccececececcscccs scccceens conces onannnnnn sonees + * 
Coal .......0.sccseccesccssscecesoseccsccscsccersecosces sescsscnescssscseessesces sesseenes -llL * 
Black slate .......0..cccee ssceccces ounonuunnnunenn sesecees soesceces scscereccsscsssacecs 2 * 
oa ......c0sssecssecs sanunnunsensnensnnnnnansunuunannononansnsannunn sensecsessecsessoases „13 * 
CLAY ...cccscessccccncccccccstovsnsccesccsccscescccescsscersceccesecces seccesesccoeasens .—_ 


The partings do not seem to be as well-defined and characteristic 
as in-Morgan county, but come and go in all parts of the seam. 

The average of three analyses from Brookfield township is as 
follows: 


Brookfield Coal (Lord). 





Moisture ......ccccccccccccccccccveccccscccccccccvccccseccccccencectess cescesece cseee cosescus 3.41 
Volatile combustible matter .........ccsscscsscssccccccccccscccccsscecvccsceconccsess - 4030 
Fixed carbon ......000.cccseccccessccescccecscccscccecescascneccscvacencccssecscecscaceess - 4541 
ABD .2u00. cccsccecsccccecccccccsccccccccccscsccccssccccecccceceses sacesccsessscececcscceseusece 10.88 

Total ........ccccccccccccccesccccccccescecccccscccccnsceccceccceece vcccseescecceeccsecs - 100.00 


Sulphur ...........000 ceccascccccccccsccrsssce cones cccsccecessssecescuce nsnnnnneunaonsnannane 521 
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In the 8. W. + Section 18, Brookfield township, the mark of a 
‘higher coal was found. The distance above the Meigs Creek coal could 
not be accurately determined, but it was, by barometer, near 215 feet. 
The blossum would indicate at least 24 feet of coal. 

Many years ago this high coal was opened, and taken to Cumber- 
land for making coke; but the thinness of the seam, and the long dis- 
‘tance to the railroad, caused it to be abandoned. 

In Sections 9 and 16, same township, a coal mark was found at 160 
to 180 feet above the Meigs Creek. No openings into it could be heard 
-of. Nothing was seen of any coals below the Meigs Creek coal. 

In Buffalo township, Noble county, nothing could be found of the 
Meigs Creek coal, as the land is all too low for it. It is possible that 
there are a very few outliers of the coal in the tops of some of the 
highest points in the south-east corner of the township, but if there 
should be, they would be of no practical value. 

Noble township, of Noble county, has very little of the Meigs 
‘Creek coal. There are a few outliers in the east central part and south- 
west corner. No openings could be found in the eastern one, but 
‚several of the western ones have been worked for local supply. 

At Hiramsburgh, in Section 13, Noble township, a small outlier is 
worked for the villagers’ and farmers’ use. The coal is here from 4 to 
4% feet thick, and by hand-level, 258 feet above the Ames or Crinoidal 
limestone. | 

The place for the Pittsburgh ooal was passed in this section, but 
nothing found of it. The Meigs Creek coal at Hiramsburgh makes a 
large amount of red ashes, and some clinkers. 

Sharon township, Noble county, holds a very large area of the 
Meigs Creek coal. In the eastern part the coal is well up in the hills, 
but in the southern and western parts the coal is low, and little of it 
‚carried away by the creek. 

The coal thickens from 3 to 3} feet in the northern part of the 
township, to 4 and 4% feet in the southern parts. 

The roof is usually bad, and all entries have to be thoroughly 
timbered, and the rooms driven narrow and well posted. The ribs 
‚should be left thick. 

No sections of the coal could be had in this township. Nothing 
was seen of the thin coals below the Meigs Creek coal, but the mark of 
the thin coal, at 160 to 170 feet above, was found in Sections 3 and 10, 
Sharon township. » 
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A fine-grained sandstone was noticed at 30 to 40 feet below the 
Meigs Creek coal, which furnishes good flagging and building stone. 

Olive township, Noble county, holds the Meigs Creek coal in the 
eastern and western parts, but through the central part the coal] has been 
cut out by the deep, broad valley of the West Fork of Duck Creek. 

The eastern area is made up of a few outliers and narrow strips in 
the tops of the ridge. The western area is found in the water shed 
between West Fork of Duck Creek, and Big Olive Green Creek, and 
although high in the ridge, there is a good area of solid coal. 

No worked mines were found on the western side, but from reports 
of the abandoned ones the coal is thin, except in the extreme southern 
part of the township. 

Near the N. W. corner of the township an old mine was reported 
23 to 3. feet, rarely 34 feet thick. In Section 28, Olive township, 3 
feet was given as about the average, with a “tough streak” of 3” to 4” 
near the top of the seam. In Section 35, Olive township, the coal was 
said to be from 3’ 9” to 4’ thick, with a “tough streak” near the center 
of the seam. 

On the land of Ezra Davis, in N. E. ¢ Section 13, Olive township, 
the Meigs Creek coal gave the following section : 


Clay shale roof, fair. 


Hard, black raw slate ...... ....sc0. ccseceeeeseoees \ananessnnsnenunernune nasceeses 2 inches. 
Coal .......csccsccerssseescnsensccccees censesecsscncss seeceeaes seecceaesecscesnes soseenees 122 =“ 
Hard, black slate.............cssoscsceccccecsscecscceescsencsees sarees seseanesececees 4 * 
Coal ......cscccsseseos teense scnee seetececeeee 08 ene soces Onsnnnmnnnanssnunsensesensnne 2 0« 
“Tough streak” .........-cccscsesccesersces oo sectcccenscccces cesees conceese seeeeses 3 
Coal ..easennenensnennensnonsnsnnnnunnnnnuonnnonnnnne coves nanannarnsnnssnmmnuonsn snenenere ma © 
Clay .....ccacssscsscecccccc essen ccesnecarressasscccseesneneececes enaesees soccessecees -— 


The entries do not have to be timbered, and the rooms are run 20 
to 24 feet wide, with two rows of posts. 

In the S. W. + Section 12, Olive township, the coal is thinner, 
measuring only 3 to 3% feet, with a “tough streak” at the top. The 
roof is also poor. 

Jackson township, Noble county, has the largest area of the Meigs 
Creek coal of any township in Noble county. Only the largest creeks 
cut down through the coal, and they only take out very narrow stripe. 
In the north-eastern corner of the township the coal is well up in the 
hills, but it drops rapidly to the south and west, and soon comes close 
to the level of the valleys. 
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In the N. E. ¢ Section 12, Jackson township, the Meigs Creek coal 
gives the following section. No regular parting could be made out, so 
none is given: 


Shale. 

Coal, POOr .......cssccceccccsscsccsccccsscascesscers soseececs soceseses snonsn une ses nennen 18-24 in 
CLAY .uennaensaosnnernnensnsnnn suasnnnusnnnansnssnnnansnnnsnsnsnnnnernnnnnnnsunsennsenene 14-18 in. 
Coal, measured from .......00.ccccecresconcccce tesco nonnnnnnn sescessceccsscsccsecs 4 ft. 43 in. 
Clay ....cccsccsccccccccccscs soscescee nonennnnnensunsnsnsunnnsuonnsnnnennnonnennaransanuen ~_ 


On Wm. Taylor’s land, in 8. W. + Section 10, Jackson township, 
the Meigs Creek coal was measured as 54 feet, and was reported as 
6’ 2” in one part of the mine. The coal here makes gray ash, and no 
clinkers. 

On Keith’s land, in N. W. 4 Section 8, Jackson township, the coal 
gave the following section: 


Clay shale roof, poor. 


Coal, measured from ..........scscesa.cvccccces soncesevscsrescsssccsensencoenes seesees 34-4 ft. 
Clay .......ccscsecccccccccncceseesscceneccecsesssoevensecscsecs ssassasascesscasees PPFPPFPFEFR 1-3 in 
Coal, left for DOttom..........ccscsccccscecsccscccecs coscecees nennen anensenannnensnnanees 4-6 in 
Clay .....cccsccsccecccceses ses Ieensnnnsssnnsnnnannsnsennnnonensnrnuuus nennen aessnsuusenune os — 


On Reasoner’s Run, in Section 19, Jackson township, a thick sand- 
stone comes down on top of the coal, which is here from 3’ 8” to 4’ 
thick. Above the sandstone comes a thick, white, non-fossiliferous 
limestone. 

In Section 25, Jackson township, on Cat Run, traces of a coal, 50 
to 60 feet. below the Meigs Creek coal, were found, and in Sections 28 
and 33 traces of two upper coals were found—one at 250 and the other 
at 162 feet, by barometer, above the Meigs Creek coal. The highest 
one is 18’ thick, and the thickness of the other not known. On the 
land of John E. Williams, in N. E. ¢ Section 34, Jefferson township, 
Noble county, the Meigs Creek coal shows the following section: 


Limestone. 

Bone COal........ccccsscerececcancccterecs cccececesraccesscccesenssececcees nassen: 6 inches. 
Coal .....ccccccccsccersvcecevccessevescccvscccccesccccecccs scccececscoess. a senesesces 8 
Slate ......cccccccsccccccccesecvcccce recess enscecceconsceces cescecccrscnececes.coeee 1 “ 
Coal ......000cccccccccscccccccscrscenecccseeccccsstovseccccccscncccence scnsescccscoecs 14 “ 
Slate PArting.......ccececccsseccccccscces ennnun ceceescensscces senscccessasceceos » 9 “ 
Coal .......sccececessccceccccesceset0000ses covecscceccscecces Loans svcececveesessceses 12 “ 
Olay ......z0noonounseronunnneonennnannsnnssnnnnnensnennsnannnannssnonunnsenssnnsnnene 12-18 “ 
Coal ,.....sccccecceccroccscccccccesscvoccscsccccccccs concer ecevccccecen 0800s cescecees 16-22 “ 
Parting ........ccccccsccsscscssccssecccetccses cesses seceee sossencsccesscescsseseences 2 “ 
Coral ....... ccccccvecccvcccce scenes sanennonnenn seneneceesscces scones cccvsccseccccecess 24 “ 
C1AY ZUPPPPPREPPERPETTLPPPSETPPERTFLTLUFLTTELPETELLLEFTLLPPFRTTLERFTTETTLTTLRRLELPPPRTE 2-4 “ 
Limestone, OXPOBE.........sescosrcecccscecsccesscecesvccsscens nennen nonnsanse 2 ft ' 
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The roof coal is here unusually well developed, and is taken down 
and used with the regular seam. There is a large portion of Jefferson 
township with the Meigs Creek coal, but little of it is as thick as the last 
section. The roof coal seldom exceeds 18” or 20’ at other places. 

On the lands of Hugh Robinson, in S. W. ¢ Section 13, T. 6, R.7, 
Elk township, Noble county, the Meigs Creek coal. was measured as 
follows : 

Hard shale. 
Co 


Al .....cccccsccccnccccccce sovcccscsssnececceen secececccces reece sosese ceccssensene 30 inches. 
Olay ...ccccccssccscssccscsce secsseressassaeass on wennnunı-nanunsnannnnannanssansenen 12 “ 
Coal ...cccce ceccccscccsrecccecscacees sassesces sonar seveccsscecseseescccessscses soeces 14-15 “ 
Bone coal ......cccccccceccccccccccen scccerecccsces scenes tavees seecceses senecsseses! 4 “ 
Coal ......c00sccccecscccsccvccccecccvecsees sseccssnsccscesscscssces seesesecsccscesees 18 ‘ 
Slate parting ......... ....ccseceees nassonnnnanunnasnanasnanneunnosnnnnsunensunsen 44: 
Coal ......-cccccccecccscsccccccccccccesccessseccccoesscncseses escent onnanennnnn nennen 18 “ 
Clay .....c.cscecccccrsonccscscees snosnsnenannnerssenonnsnnsnansuunner cones snnnnnece 2-4 feet. 
Limestone. ......cosssccssccressccveces sense ccceccccecesvecee vensnansununnanenunnn 16 feet. 
Shaly sandstone ............cc0csccsecscoe-secssccsesee scesscecs cesses ssesnees .— 


There is a large area of the Meigs Creek coal in Elk township that. 
could easily be reached by railroads traversing the East Fork of 
Duck Creek. 

The Meigs Creek coal is reported to be the same as the Stafford 
coal of Monroe county, but this was not investigated. There is a thin 
coal, about 60 feet below the Meigs Creek coal, through the northern 
part of the township. 

In Enoch township, Nuble county, the coal is high in the ridges, 
and the area of first quality coal therefore smaller than that of Jefferson 
and Elk townships. 

The Meigs Creek coal is found in two ridges, with their spurs 
running north-west and south-east through the township, and dividing 
the waters of the West Fork, Middle Fork, and East Fork of Duck 
Creek. 

No section could be found in Enoch township, but the coal was 
nowhere reported over 4 feet thick. A sample from the mine of Wm. 
Lincicome, in 8. E. ¢ Section 32, Enoch township, gave the following 
analysis: 


Moisturo ......0sssns0susnuennnenannannenannnsnnnnnnnnensnns teases cescnccescesces svesecencsones 2.18 
Volatile combustible matter ........-..... seccscccccccesccccscccccesccccscccccscces ces 41.75 
Fixed carbon ........c.0ccccccccccccvccccccccescccesccncescevccccen cocees seceesccccsscconccss 45.92 
ABD ......ccccccvecccceccsccccs ccscnccccavccccccccsecessecsccee coe cecccc coceccecsces coccescccces 10.15 

Total ...ccccccccccesscccnsccccensecccsconccccce stvcscccccsvcceceseccveces seosee nenne sevese 100.00 
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The characteristic high per cent. of ash and sulphur still hold good. 

The Meigs Creek coal, in south-west Enoch and West Jefferson 
townships, touches the Cleveland and -Marietta R. R. (now Wheeling 
and Lake Erie), and was formerly mined for shipping on the railroad, 
but has now been abandoned, and all the works and tracks taken out. 

In the S. W. + Section 25, Stock township, Noble county, on Wm. 
Taylor’s land, the Meigs Creek coal gave the following section : 


Clay or soft clay shale. 


Coal ...... rccrcoscerssces sesceccscestceccesccnseseessccesccnscetecsseseeces senses seceseses 18 inches. 
Slate partimg............ccscecssscsscrscecee sescecceccesecscscese encore recess sescesess 1 “ 
Coal .......cccccsccceeseccnrcececencescecescee: ansnnsnnensnnnennnnnnennensnnnnn snnonnnen see 16 “ 
Bone coal and slate ........... sesecsseccccece socccccecssecstcecseccsse sesvesesvecs 4 “ 
Coal] .....ccccceccosvsccsceccccsssecescecesrcccevecesces nennen s cece + cecestseneesepecsses 26 “ 
Clay....ccccceccce coscccccccesscrsccees snnanesnannnnnnnnsnsnnnnannssnnennannarnersonennne — 


The coal in Stock township is well up in the hills, and the broad 
valley of East Fork of Duck Creek has cut out a large amount of it. 
Over the entire township the coal ranges from 34 feet to 5 feet, averaging 
probably 4 feet or a little over. 

Center township, Noble county, has the Meigs Creek coal in the 
tops of the high ridges in the eastern part. The area of marketable 
coal is comparatively small, but will for many years supply the local 
demand. 

The coal is reported as averaging about 4 feet thick, but no section 
could be had. In the eastern part a thick sandstone comes in a few 
feet above the coal, and is quite steady for an area of several miles. 

Marion township, Noble county, holds considerable Meigs Creek 
coal, although'it is well up in the hills. 

The Meigs Creek coal, on W. H. Craig’s land, in N. W. ¢ Section 
1, Marion township, measures as follows: 


Shale. 

Roof Coal .....  s.ceccecscecscvcccccscccccces sorsnccenecesee tease: onnannun seenseens 18-24 inches. 
Clay shale..........ccccscesscnsccccssccesccescescescascareesees \unssessnennenensren 18 “ 
Coal.......ssesscossescecees Lennsnsnsnnansnssnssusnnsenene snnsnununannne coven sssesecs 12 “ 
Slate ....cccecsccncscnscesccccersescessscces cavcceecsteacse seceseees eoncscsscscscess 4-1 “ 
Coal ......cccccncestescssccsccscesccecesccucceccecevascusea scones sccesens senses onen 12 “ 
Bone coal or tough streak ............cscscssseee snnonsnsnnensnnnennunnnnene 5 “ 
Coal ........ccscscecsccet cesses cnscceecsccecerecsceenenseenseccseescucscceus senscaces 17 “ 
Clay, from........ccecscocssscccsccscscasccee seeee sanannan on sonne nsnenurnunnn „ 1-8 ft. 
Limestone. .......ccccccssscscccnvcscessccsscncssesseccessescesseesecessssesesseees — 


‘In the B., Z. & C. Railroad cut, in Freedom, in S. E. # Section 2, 
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Marion township, a section of a coal 113 feet, by barometer, above the 
Meigs Creek coal, was measured as follows: 


Soil. 

Soft, shaly sandetone..........c.cceserccccscevcessccecscccecsseccccees socnes cocees socceenes 4 ft. 
Soft clay shale, blue and yellow ...........:.c.sscsccccssescencecceeeessccees soceceee 10 ft. 
CO] .....ccceccscsvccnssccsccerccccsccns coscsccessonce sseeseecensseseeesceseessesnscesees nennen 12 in. 
Clay PTT eMPrrIrerrrrirrrrerir rr Mere iririti merrier reer rir errr rer rire rrr eer PRLTLELTILLELETTR 5 in 
Coal ...... 200002 coos ccscerecscccncscccccosectocssecescoecec tosses seeees seescs conser secceseesees 5 in 
Olay -...02220000 ceanceses snnnsnunnnnnsnnnunsnnusnsnnnanner soeee nnenannansnnsnnnnessensnsnsnnnene _ 


About Freedom, and in the west part of Marion township, a thick 
ledge of sandstone is often found from 2 to 4 feet above the Meigs Creek 
coal, and often 40 feet thick. 

In the ridge, running north from Summerfield, although high 
enough, the coal 1 is reported as often wanting, and as always thin when 
found. 

On Wm. Craig’s land, in N. E. # Section 13, Marion township, the 
Meigs Creek coal is mined and measured as follows: 


Shale. ' 

Roof coal ...........-  sscccveccscsccccscscscscsces scene nasnnnunnnan sesceccessasess 20-24 inches. 
Olay ....ccesccecnces snunnnunnunnnunnen cesses seassscnscessnecee seeces cesses scceeesseees 18-24 “ 
Coal ..........cercesveccccccccccascsseeee sesecorssesccecsses teccesecssecsescoesse we 46 “ 
Clay parting.. .....srsunssnoenasnonnonunnenanenannonennnensnnensnen sonne seses . 3 “ 
COL zeroononesnnsnnnounannnnnunnnnnennnnunnnnn secessetancessaeseecesecssecscceessacses 24 “ 
Bone coal or BIAte.........cccsseccccsrcescscsccens zonnen nennen sevens cosees sannne 2-3 “ 
Coal .......scccscccccscscccsescccesccseesceessacessonscensceccensetscecs sensnnnnnnnnnnn 20-22 “ 
Olay.....usessnosnunen coccscsesonscesenccocecsescessensenens senses one aunsonensannennen 2-4 feet. 
Limestone in iayers, with shale between. ..............-sssssesseseccees 10 ft., exposed 


This coal was analyzed with following result: 


Marion Township Coal (Lord). 


MOiSture ...ecccce.ssccccecseccescocsssse sesecececerecesecsucsessecceceuscensecesccersce eeces 1.86 
Volatile combustible matter .............ccccccesceccenvcccee sos sc: ccssescesscccocesecs 39.63 
Fixed carbon ..........cscccvccccccuccccvccccccccccccescovcccccccoccsees sovesccsesecscoseces 45.98 
ABD ou... ccccccscens Veanee conceteensee cosas scseecces seccevesscoscesecccncces sescessece seacce 12.59 

Total ....ccccccccesecccsecscccccscesccen seccecccccesccccscecesssescccescsessscceessevese 100.00 
Sulphur ...........ccee cesses eens seen ceccneeceses seeeceseereseneceoscassen cesses socesscescns 6.10 
Specific gravity ...........csccee vocssrcvccccccreessccsecceceees o ccceccccvccevcccccceccssecs 1.376 


It was reported by the miners that in parts of this mine the roof 
coal was replaced by a white non-fossiliferous limestone, the clay 
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between the roof coal and the main seam being found all regular between 
the white limestone and the regular seam. 

The coa] is opened and worked for winter supply on almost every 
farm through the township, and is seldom found under 4 feet in thick- 
ness. Although the coal is well up in the hills, it can easily be reached 
by railroads, as the B., Z. & C. R. R. crosses the ridge far above the 
-coal. The Bellaire, Zanesville and Cincinnati Railroad is a narrow- 
gauge, and just finished from Bellaire to Zanesville. 

Seneca township, Noble county, has very little of the Meigs Creek 
coal, Itis found only in the highest ridge in the township. The ridge 
between Beaver Fork and Seneca Fork of Wills Creek holds quite a 
large outlier, which furnishes coal for the adjoining farmers. 

The dividing ridge between Seneca Fork and Buffalo Fork of 
Wills Creek holds tne largest area of the coal inthe township. This is 
worked near Mt. Ephraim, irthe mine of Sam’! McConnell, in N. W. $ 
‘Section 33, Seneca township, and gives the following section: 


Hard shale. 

Bone coal, or hard black slate.. ......ccecscecssececccsses cossceseeee ceeees 16 _—s inches. 
Good COAL ....r.euresesauesonnennnonnnnunnsnnnennnuenannansnonsnna seesee sense soeces 8 “ 
Clay shale.........ccccssscssssscs sees cosseneee sesceeses setseeses seecenees seseesus 8-18 “ 
Coa] ...zus00nsnennesnonennsennonusensnnnnsnnnennensonunnssnuanuunnnnunennnssnsnnnn nee 10 “ 
Parting............“easoorusuonsoononnonnonnunnne auosnsenunssnnnnntnennnsnanen nun 3-1 “ 
Coal .......cccccceccsccesccetcsceecoscesceccscens sesceseas sccces soccer sovscoacs senees 15 “ 
Parting..... .......x..000. coecsccccccccecscnsccccccas ces nersennen snnenoanann vances 12 * 
Coal .........ccees sccesccccecceececes senses cerccecescnscassscesscseaconsns eonseas 20 “ 
Olay ..2us0scsnasnensnnsonnsonsnusunsnnne snannnnnensnn nennen nennnensansesnon en sonne — 


The roof coal is left for roof, the clay shale being taken out of the 
-entries, and in the rooms it is thrown back as it falls down. 

No higher coal marks were found. A very faint mark of the Pitts- 
burgh coal was found at one place only. 

Wayne township, Noble county, has only a few outliers of the 
Meigs Creek coal in the N. E. corner. The coal is in the very top of 
the hills, and, as far as could be learned, rather thin. 

The coal has been opened in S. E. # Section 21, and in N. W. + 
Section 28, Wayne township. The coal in both cases was reported as 
about 3 feet thick. 

A faint coal mark was seen at 50 to 55 feet below the Meigs Creek 
coal, but nothing found of the Pittsburgh coal, which ought to bea 
little lower. 

A few feet below the Meigs Creek coal is a thick sandstone, which 
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is quite steady in the north-east part of Wayne township, and in north- 
west part of Beaver township. The northern and southern parts of 
Beaver township have considerable of the Meigs Creek coal; while the 
central part has been all cut away by Beaver Fork of Wills Creek, 
running west through the township. 

On the land of H. C. Reed, in S. E. 4 Section 17, Beaver township, 
the Meigs Creek coal is mined for the Williamsburgh market. 

Reed’s coal gives the following section : 


Sandstone. 

Shale ........cccccscsesecsscccercecccecee scvceccsccceucces sesneecoccnsenecces secces seesce 18 inches. 
Coal ........220..sccccenccenccscnercecee scsccsesececs seccssecoscecscescecessvensesvecssocs 16 “ 
Clay ....0e een Uausssensssonnnunsansnunnnnsunsnnessatnsennssnnnsnsnnnannnenn nennen „16 * 
Slate .......:0000 200000 nnonennninnn cesccccensteccecescesuscncccaccce sccecccsesesce sonne 2° « 
Col aneeen eneseeenenennnnnnenennsennnnnnneenn IULPRTPEITPPPUBELTETEPFTTEETTFEFRTFPFEREEE . 30 “ 
Clay parting ....... -.-..0s00nnnnnnensnunnunen seceeeeee coset scones sense sannen nennen 2 “ 
Coal...cc.ce cescsvcceccscscces savceace sosens le ccesccccececcccecss soscueccecessecece saeces 4 *« 
Clay eee “ Saeannsecsee sccses soceeeceseessensereesescecees 2-4 feet. 
Limestone ...........0 coves cecccccccteseeceerccccecee oe socecceccreccncccosesecs Levees — 


It is reported that several years ago a coal from 3 to 4 feet thick was 
dug out of the creek bed, at 92 feet below Reed’s coal bank. The 
lower coal was looked for farther to the south and west, but never 
found. If the statement be true, we are here upon the western edge of 
the valuable area of Pittsburgh coal, extending eastward to the Ohio 
river. 

In Section 1, Beaver township, the Meigs Creek coal was reported 
3 feet thick. In the N. W. + Section 8, a strong coal mark was found 
90 to 100 feet above the Meigs Creek coal. No openings could be found 
into the upper seam. 

On Wm. Lashley’s land, in S. W. 4 Section 26, Beaver township, 
the Meigs Creek cual was found 43 feet thick, with two thin partings 
dividing the seam into three nearly equal parts. The roof coal was 
from 18” to 24” thick, and is 6” to 12’ above the main seam; the two 
separated by clay. 

At Barnesville, Belmont county, the Meigs Creek coal, or as here 
known, the Upper Barnesville coal, is worked by means of a shaft, 
some 70 feet deep. 

The shaft formerly went down to the Pittsburgh coal, but the lower 
part has been abandoned and filled up to the level of the Meigs Creek 
coal. The coal here gives the following section : 
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Shale. 

Roof Coal.......c.cccsesssesessccsee cocscces secsescessovees ssevssevsesees sessesees 8 inches. 
Clay, or “soapston®”...esssoosnnuonunsaununne vonansnsneonsne peaccecesses os 18-24 “ 
Black slate ......... 00. 00 sonsonece seveseecsccecessosseseessenennees seees seenns 2-6 “ 
Coal oesonoasssaensansusensnnnennunsunnennsanensennnsunemnrannennnn sannsnssnnerneunen 6 “ 
Slate parting......... ccccsseescsscese Veennsssonnnsnusnsnusnnsanensnnen 0 season 2 “ 
Coal zureaonennenesonon sense nnnsunanennonunnansunnnnune secant cnsenceen seesesses senees 19 “ 
Slate parting......cccossecscssescoscersecscsccctccsccsssccoscrcenscseccces sannense- 43-4 “ 
Coal ......000sccscscesconnceces costes senscnoessesssecesscesessesvececsseeee onnsnnanans 15 “ 
Clay.......ccsccccccscenee © see cnerssscescsscesesceesse sevcecceraccececesonsconcanes — 


The Upper Barnesville coal gives the following result, whem 
analyzed : 


Upper Barnesville or Meigs Creek Coal (Lord). 


Moisture ...... 2... .cccccccscecccccccccccccdasscccceeee seecee cosenescncetesceccncccs toccepecs 2.09 
Volatile combustible matter .............0.cecccccccsseccccscccccccvesccsces veseess „ 40.05 
Fixed carbon .......ccccccccccsccccceccccccccsccesecscsccececeee eo eesces succes sseccs nennen 47.77 
Ash ........ccceeess vennensansunen svccescesscnccsesstesencaccecscscscecscccesssencasces ansnneen- 10.09 

Total ..cccccccccccsosce cocscesesscssceseccecessescececscesceressssescssscece nasse cesses . 100.00 
Sulphur ........ ccrecsceccccee’ sunssnanssnnnnsnnnnnnnnnene sessense sees vececsconcevscseeeens 2.98 
Specific Gravity .......c.sceccssccssrcsnscsccecsscescescessvssee cesses des seeeee covsescneos „ 1.845 


The ash is still high, but the sulphur is far below the usual per- 
cent. for the Meigs Creek coal. This mine is now worked only ina 
small way, furnishing a part of the coal for the town of Barnesville. 

The layer of clay or “soapstone” between the main seam and the: 
roof coal makes the mining of this coal more expensive and dangerous 
than it would otherwise be. The soapstone is very wet, and is full of 
“slips” or “faults,” and should be taken down with the coal, or imme- 
diately after. It forms a very treacherous roof when left up. 

Going west along the Central Ohio Railroad, from Barnesville to- 
Quaker City, Guernsey county, a fair barometer section can be had of 
the upper coals down to the Ames or Crinoidal limestone. 

The distances from the bottom of the Pittsburgh coal are as follows:: 


Coal, 18° thick, in railroad cut, at Barnesville.............ssccesecess 200-210 feet. 
Coal, 6” thick, in railroad cut, west of Barnesville.................. 153 “ 
Coal, Upper Barnesville............... ssecsccseeseneees Lunnsue seeseeccoeees 100 “ 
Bottom of Pittsburgh coal...........ssccccsccsssscescssscsces encncsessscecsos 0 

Ames, or Crinoidal limestone, below..............c0.sseseeencsccees non 140-160 “ 


This would make the Meigs Creek, or Upper Barnesville, at 240- 
to 260 feet above to Ames or Crinoidal limestone. The Upper Barnes- 
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ville coal is mined at the foot of the hill, just to the north of Barne- 
ville. . 
In Section 17, of Warren township, Belmont county, a section, 
‘showing the relative position of four coals was measured as follows: 
Upper Barnesville coal, 3 ft. shown, 96 feet above Pittsburgh seam. 
Coal, about 1 ft. shown, 72 feet above Pittsburgh seam. 


Coal blossom, 28 feet above Pittsburgh seam. 
Bottom of Pittsburgh coal, 5 feet thick. 


The two coals between the Pittsburgh and Upper Barnesville are 
‘not known to be at any place of workable thickness. 

On the Cleveland, Lorain and Wheeling Railroad, at Flushing, 
Belmont county, the Flushing Coal Co., operated by O. Young & Co., 
-of Elyria, have mined the Meigs Creek, or Upper Barnesville coal for 
‘the general market, to some extent, but the mine is now closed. This 
was the only mine in the Meigs Creek seam from which coal has been 
‚recently shipped by rail. The coal gives the following section: 


Sandy shale. 
Hard, brown slate...........cscsceccosccccesccsscceesvevccscss sessener sessecese 12-18 inches. 
“Soapstone,” full of slips, and very treacherous ...........0. seers 9-15 “ 
Coal, solid seam, from .........cscscecccsrccsees secscesecccssceccssessessccees 8’3’’-4/2”. 
Olay oreeseaaon aunnnen snanononnunnnnn vansssnennene kensnssossnsnnnsssennanunensnenene —_ 
This coal gives the following analysis : 
Flushing Coal (Lord). 

Moisture „...ccnsonsonnnsnsnnnuen serssnnan seneeee te seseneees sesssneneesenen ees sreeeneneceeees 3.18 
Volatile combustible matter.. .........:sscccvevscccessececseccsecsceces cones scesesecs 38.31 
Fixed carbon. .....:000scceesscccsccecccccccsenscscacsescesceccsscccccsceecvesescceces seen 50.10 
Ash ....cccsccrscccecccces ausonsnonsanssnnenunensnunenn copescesetscces soscescceeee seaces Levees 8.41 

Total ...........c.csccsscrcssvscccceesecsceves senses senses svcncsccascesesssressacess sauce 100.00 
Sulphur ......... 000. boca ceecececsceccssue scccccceccessasececenscsassoesessoe “se cecees cesses 1.78 
Specific gravity .......0.-csceccncccccccccecssccneccce ssccnsecccsevssesscosscn senses nennen - 1.2300 


This coal shows a much better composition than most of the Meigs 
‘Creek coal. The ash is much lower than usual, while in sulphur it will 
compare favorably with many other Ohio coals. The “ soapstone ” isa 
-clay that is usually wet, and always full of slips or “kettle bottoms,” 
which make it dangerous to work under it. It is, therefore, taken down 
with the coal, or usually just after, to prevent mixing it with the coal. 

The hard slate above then forms an excellent roof. 
The mine, during 1883, put out 7 to 8 car loads of lump and 1 of 
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nut coal per day. The Upper Barnesville coal is shown in the west end 
of the Flushing tunnel, on the C., L. & W.R.R. The section is as 
follows: 


Shale, up to soil, about .........ssseccsscccssscece cesses sevens snnnnnnonmennsns nenne 15 feet. 
Coal .......ccccscsccecsccscncncencscnscecscescccsuasees concen corset nennen nsenanensnnenenen . 4 * 
Clay ......cccrscsessceccersscsocenccssacceeeer: soneserseesenses casces eevee soceessmesseesens 13‘ 
Shale, to bottom of tunnel .......0..ccscesecscees sevececoscaccsvcensccnsssnecerecs 23 “ 


At the east end of the tunnel the coal is below grade, and does not. 
show for some distance east of the tunnel. No solid rock appears in 
the deep cut at the entrance to the tunnel. . 

About Bellaire the Meigs Creek, Upper Barnesville, or Upper 
Bellaire coal is found, 4 feet thick, and 80 to 95 feet above the bottom 
of the Pittsburgh coal. Although the Upper Bellaire coal is 4 feet 
thick, and as easy to get at as the Pittsburgh seam, it is not mined at 
all, and very little account is made of it. The thicker and better Pitts- 
burgh coal meets all demands. 

In Washington township, Belmont county, on the B., Z. & C. R. R. 
(narrow-gauge), the Captina Coal Co. has a shaft to the Pittsburgh 
coal. The Upper Bellaire, or Meigs Creek coal, is here found 98 feet 
above the bottom of the Pittsburgh coal. It is reported 4 feet thick, 
and of the usual Meigs Creek coal character. It formerly supplied the. 
local market, but since the Pittsburgh coal has been available the mines. 
in it have been abandoned, and, therefore, no section could be had. 

The Meigs Creek coal was found in the high ridges } in the eastern. 
part of Harrison county. 

The Pittsburgh coal is in good force through this region, and, 
therefore, there is little regard for the thinner and poorer seam that lies 
above it. The coal is reported from 3 to 4 feet thick, but no sections 
were found. The coal is from 90 to 95 feet above the Pittsburgh coal. 

The Meigs Creek coal is also found in the south-west corner of 
Jefferson county. It is here near the hill-tops, and thinner than usual, 
and is not worked. The Pittsburgh coal is of usual thickness and 
quality through this area. 


NOTE. 


I regret very much that lack of time for the preparation of reports and lack of 
space for publication, alike forbid any further statements as to. the coal seams of the 
Barren and Upper Coal Measures of the State. 

The field which has been treated in the preceding chapter is intrinsically much 
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‘less valuable than the Pittsburgh coal field in Ohio, but inasmuch as the latter is 
-already extensively occupied and developed by mining industries, and consequently 
‘is well known as to character and capacity, I have judged it best to use the few pages 
of space available in the present volume for the upper coals, in a description of the 
comparatively unknown and undeveloped seam, the extent and character of which 
have now been briefly indicated. Mr. Brown’s map and report show very clearly 
the areas, thickness and quality of this seam, and few questions in regard to the field 
.are left unanswered, so far as its availability for mining operations is concerned. 

A large amount of information has been gathered by the present Sarvey in 
‘regard to the coal eeams above the Mahoning sandstone, but inasmuch as the volume 
has already passed beyond proper limits, not even a summary of these results can be 
furnished here. E. 0. 


CHAPTER XX. 


REPORT OF CHEMICAL DEPARTMENT. 


By N. W. Lorp, Chemist of the Survey. 


In completing the present volume a large amount of chemical 
‘work was called for, especially in the newer portions of the mineral 
dield. The analyses for the present survey were all made under my 
direction in the laboratory of the Mining Department of the State 
‘University at Columbus, during the last two years. 

In this connection I wish particularly to acknowledge the efficiency 
.and accuracy of my assistant, Mr. Willis J. Root, in whose hands the 
larger part of the laboratory work was placed, to whose skill as an 
analyst, I take pleasure in testifying. 

In order to make the analyses of value it was necessary to take - 
-great care in securing the samples, avoiding selected hap-hazard ones. 
For this purpose all assistants in the field were instructed to take their 
own samples. The instructions were as follows: ‘Secure samples for 
-amalysis from largely-worked localities ; take fragments from not less 
‘than 50 blocks, reduce them to small pieces, thoroughly intermix them, 
and take two or three lbs.; * * * * make sure of fair average.” 
The above applies to coal and iron ore. Limestones, clays, etc., were 
sampled in the same general manner, with such minor changes as the 
-character of the material suggested. An alternative method was some- 
times used in which the samples for analysis were secured by channeling 
the entire coal seam from top to bottom, only the partings and rejected 
portions of the seam being omitted. The samples so taken were sent 
in canvas bags to the laboratory, marked with name of sender, locality, 
and such other notes as served to fully place them; as soon as received 
they were placed on record and marked with a proper laboratory number. 
The sample was prepared for analysis by grinding the whole as re- 
ceived, ina mortar, sifting all through a sieve of from # to ;)-inch 
mesh, according to size of the original sample ; this was then thoroughly 
anixed, divided, and at least a pound put through a ,-inch seive. This 
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was mixed, and 100 to 200 grammes of it, after being pulverized so as 
to go through a 90-mesh sieve, bottled for analysis; thus all of each 
sample received was averaged carefully. 

The material, as bottled, was used directly for analysis withou 
drying, at 100°; this method of working was adopted as giving the 
actual composition of the material, as received’; moisture was, of course, 
determined where present, and entered in the analysis. 

The materials analyzed were coals, limestones, iron ores, fire-clays, 
pig-irons and slags. The methods pursued in these analyses were those 
regularly in use in the laboratory, but a brief outline will be given of 
each, as there are several rather important differences from those pre- 
sented by Dr. Wormley, and published in the first chemical report in 
the volume for 1870. | 


Coals.—Only the ‘‘ proximate” analysis was made; this was by 
the usual method, as follows: One gramme of the coal placed in a 
weighed platinum crucible was transferred to an air-bath and dried 
at 100° C for 1 hour;- the loss of weight was water. The same 
crucible with its charge of coal was then heated 3% minutes over a 
Bunsen burner, and ihen, without cooling or being uncovered, over a 
blast lamp 3 minutes, then cooled and weighed; the further loss was 
the “volatile carbonaceous matter.” The coke remaining was then 
slowly burned by heating the uncovered crucible over a Bunsen burner 
until nothing but ash remained, which, being weighed and deducted 
from, the previously found weight of coke, left the “ fixed carbon.” 

The results obtained by this well-known method are fairly uniform, 
and correspond closely with the results obtained in a large way on 
coking. This method differs radically from that used by Dr. Wormley, 
which consisted in heating the coal in a platinum boat placed in a glass 
or iron tube. That our present work might be compared with his, one 
of the samples from the old Survey was obtained from the Geological 
Museum of the State University, and being first re-analyzed by Dr. 
Wormley’s method, was then examined by the present one, with the 
following results (the sample in all is identical) : 


1. Dr. Wormley’s analysis. 
2. Dr. Wormley’s method, analysis by Lord. 
8. Present method. 
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The sample had dried a little from keeping, but otherwise was 
unaltered. Dr. Wormley’s method will hence show about 4 per cent. 
more “ fixed carbon” than the present. The difference appears to be 
due to the fact that the heat attainable in a tube fails to expel the last 
traces of hydrocarbons, or else the vapors “ crack” or split up into 
carbon and lighter gases in the tube more than in the crucible. The first 
supposition appears more probable from the following experiment: One 
gram of the same coal was treated by the present method, but weighed 
before heating with the blast lamp. It gave fixed carbon, 59.78 per 
cent., or nearly the same as when heated in a tube, showing that 
probably some of the vapors are only expelled at a very high heat. 

I have discussed this at length, so as to explain the constantly 
lower result in fixed carbon shown by the present series of analyses. 
The “fixed carbon” is so entirely dependent upon the metbod of analysis 
that it is important that only results by the same method be compared. 
The method used was adopted as being, besides more convenient, at 
present, perhaps the most usual, and also representing more nearly the 
yield of coke in the large way. 


SULPHUR IN COALS. 


Two methods were used for the determination of sulphur. 1st. The 
method by fusing the coal with sodie nitrate and carbonate. Taking 
one gramme of the finely pulverized coal or coke, mixing intimately 
with 8 grammes of sodic nitrate and 8 grammes of sodic carbonate, 
then deflagrating carefully in a large platinum crucible, extracting the 
fused mass with water, evaporating to dryness with hydrochloric acid, 
taking up again in acidulated water, and in this solution, precipitating 
the sulphuric acid with baric chloride. This method was finally given 
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up for Escha’s method with magnesia, using Dr. Drown’s modifice- 
tion. 

2nd. This method avoids the excessive wear of the platinum 
crucibles which the ordinary method occasions, gives results fully as 
accurate, and also avoids the presence of such an excess of saline oom- 
pounds in the solution in which the baric sulphate is precipitated. 

Before adopting it, a large number of duplicate determinations by 
both methods were run through with satisfactory results; in a few cases, 
where notable differences resulted, the Escha method gave the higher 
results, and considering the great liability to lose while deflagrating 
the sodic nitrate and coal mixture, the error certainly seemed explained 
thus. . 

The Escha method, as we used it, was as follows: One gramme of 
coal or coke was well mixed with one and a half grammes of a mixture 
of one-third pure, dry, carbonate of soda, and two-thirds dry, pure, 
_ fgnited magnesia. 

The light mixture was transferred to a platinum crucible of about 
30 c. c. capacity, which was then heated very slowly and gradually 
over a Bunsen burner, the crucible being tilted on its side, and the flame 
turned so low that all generation of gas in the crucible was avoided; 
the mixture gradually and quietly burns white. When so burned 
(which takes from 45 minutes to an hour) the mixture, which does not 
fuse, but remains as a powder, is transferred to a beaker, water added, 
digested warm for a few minutes, filtered, and the residue washed. To 
the filtrate was added a little bromine water, the excess of which was 
expelled by heat, and the sulphuric acid precipitated with baric chloride. 

In all sulphur determinations it was found impossible to obtain 
reagents free from sulphur. The nitrate and carbonate mixture used 
in the first method was made in considerable quantities at a time, mixed 
well, and the sulphur it contained accurately determined ; this was then, 
in all cases, deducted from that found in the coals. The amounts thus 
found in “chemically pure” sodic carbonate was in some cases equivalent 
to 7, to 2, of a per cent. on the gramme of coal. 

The same difficulty was encountered in preparing magnesia for the 
Escha method; “chemically pure” magnesia yielded sulphur so abun- 
dantly that it was discarded, and the following method adopted for obtain- 
ing better: good commercial magnesia was boiled with sodic carbonate. 
then washed by decantation until the liquid, acidified by hydrochloric 
acid, ceased to yield a precipitate with barie chloride. The magneis 
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hydrate wasthen dried and ignited; it still contained soda, but was free, 
or nearly so, from sulphur. “°° 

The sodic carbonate and magnesic oxide mixture was, however, 
treated like the other mixture, and its correction in all cases determined, 
but it usually amounted to but a few hundredths per cent., owing to the 
smaller relative amount of the reagents used. 

The analysis of the ashes was made in the same way as iron ore 
analysis; the ashes were prepared for analysis by burning about 100 
grammes of the coal carefully in a platinum dish or large crucible, 
either over a Bunsen burner, or in the muffle of a cupel furnace. 


IRON OREs. 


The quantity taken for complete analysis was 5 grammes, which 
‘was treated with hydrochloric acid, evaporated to complete dryness, 
then treated with more acid and water; the residue insoluble in acids 
‘was fused with sodic carbonate in a platinum crucible, dissolved in 
water and hydrochloric acid, then evaporated dry, and the silica thus 
separated was weighed. The solution was added to that from the orig- 
inal treatment of the ore, and the combined solutions were diluted to 
500 cubic centimeters and aliquot parts used for different determina- 
tions, iron being determined volumetrically in two portions of 50. 0.0., 
representing + gramme each. 

A solution of potassium bichromate was used for titriring the iron. 
‘The iron being reduced by sodic sulphite (if the solution be partly 
neutralized with sodie carbonate, so as to prevent any great excess of 
free acid being present, the reduction is almost immediate) is strongly 
-acidified and boiled to expel the excess of sulphurous acid. The rule 
in the laboratory was to boil till'the odor of sulphurous acid has ceased, 
and then to continue boiling for five minutes longer. Duplicates by 
‘this method agree almost exactly. The bichromate method (Dr. 
Penny’s) was employed because of the ease of preparation of the iron 
‚solution and the stability of the standard. 

Phosphorus. was determined in 200 c. c. of the solution (corre- 
sponding to 2 grammes of the ore). The oxide of iron and phosphoric 
acid being precipitated by ammonia, washed by decantation, dissolved 
in nitric acid, partly neutralized with ammonia, and the solution pre- 
<ipitated by a large excess of “ammonic molybdate solution,” the 
precipitate was then washed with the diluted precipitant, dissolved in 
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ammonia; if a clear solution was not obtained, it was reprecipitated by 
acidifying with nitric acid and adding more molybdic acid solution. 
The resulting precipitate was washed again in dilute “molybdate” solu- 
tion, redissolved with ammonia, the solution thus obtained being pre- 
cipitated with an ammoniacal solution of magnesic chloride, care being 
taken to secure a gradual crystallization of the ammonio-magnesic 
phosphate by a cautious addition of the “magnesia mixture” accom- 
panied by stirring. The other elements were determined in 100 ce. e. 
(= 1 gramme) by first precipitating the iron, alumina and phosphorus, 
by boiling the almoet neutral solution, with the addition of sodic acetate. 
The filtrate, after the separation of the manganese as dioxide by adding 
bromine water and heeting for some hours, was used for the determina- 
tion of lime and magnesia as in limestone. 


The precipitate of manganese dioxide, produced by the bromine, 
was washed well, and if in very small amounts, as was usually the case, 
was ignited and weighed as manganese proto sesquioxide (Mn, O,); if 
“ present in larger amounts, it was dissolved and converted into phosphate 
and weighed as such. 

The precipitate of ferric oxide and alumina was redissolved in 
hydrochloric acid, diluted, boiled, precipitated with ammonia, and the 
precipitate weighed. From the weight of this the ferric oxide and 
phosphorus was deducted, what remained being the alumina. 


Sulphur was invariably determined in a separate portion of the ore 
by fusing with a mixture of sodic-nitrate and carbonate, extracting with 
water, and after evaporation with hydrochloric acid to separate silica, 
filtering and precipitating with baric chloride. 


Moisture was determined by drying a portion at 100° C, and weigh- 
ing the loss. Combined water was determined by heating to redness 
in a platinum crucible, then igniting slowly for a long time, in some 
cases with the addition of a little nitric acid so as to convert all iron 
oxides to the ferric state, and then weighing the loss. 


The phosphorus is only completely gotten into solution by fasing 
the residues as described; weighing the “ insoluble silicious matter ” 
direct!y, and not treating for phosphorus, is, in the experience of our 
laboratory, sure to involve loss of that element. 


In case of “blackbands” and similar highly carbonaceous ores, the 
organic matter and the water were expelled by careful burning and 
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oxidation with nitric acid, and the whole loss reported as organic and 
volatile matter. 


LIMESTONES. 


No departure from the usual method was made—the method being 
to dissolve one gramme of the sample in hydrochloric acid, evaporate 
dry, add acid and filter from the insoluble portion; the insoluble por- 
tion was then fused with a little sodic carbonate, and treated as in case 
of-iron ores. 

The solution, free from silica, was first precipitated by ammonia to 
separate iron and alumina, which were usually weighed together; in 
some cases the iron was determined also by reducing a portion of the 
solution and titriring. 

The filtrate from the iron and alumina was precipitated hot by a 
solution of ammonia oxalate, allowed to settle, filtered and washed. 
The precipitate of calcic oxalate was either weighed as carbonate or as 
sulphate. The heating by which it is made into carbonate has to be 
very carefully managed; it was accomplished on a sort of sand bath, 
made by putting some clean washed sea sand into a large (60 c. co.) 
platinum crucible, and then heating over a regulated Bunsen burner 
until it was just red hot; into this large crucible could be set the 
small ones holding the oxalate, which was thus rapidly and safely con- 
verted to carbonate without the tedious process of heating “‘ by hand.” 
When a number of ignitions were to be made, this was found to be 
economical of time. All the weighed precipitates were duly tested for 
caustic lime. 

Where magnesia was present in at all large quantities, the original 
calcic oxalate precipitate was redissolved in a little hot hydrochloric 
acid, diluted with water and reprecipitated with ammonia and a fresh 
portion of ammonia oxalate, to recover the small quantity of magnesia 
taken down with the first precipitate. The ammoniacal filtrate from the 
lime was then precipitated with excess of hydrodisodic phosphate. 

Where the lime was determined as sulphate, the oxalate was treated 
in the crucible with slight excess of strong sulphuric acid, heated care- 
fully till dry, ignited and weighed. 

For all precipitates adopted to its use, the “ Gooch ” perforated - 
crucible and asbestos filter was used; the following arrangement was 
found very convenient for the exhausting vessel: upon a sheet of heavy 
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plate glass, a short oylinder of glass, having both edges ground, was 
placed, and above this a second plate of glass, having a hole bored 
in it near the edge. Into this hole, lined with a collar of rubber, a 
funnel holding the crucible was placed, and inside the cylinder, below, 
was placed the beaker to ca‘ch the filtrate. Into the side of the cylin- 
der a hole was bored, into which a rubber cork and glass tube were 
fitted, and to which the Bunsen suction pump was attached. A three- 
way stop-cock in this tube turned on suction or admitted air so as to 
avoid the running back of water from the pump when suddenly stopped. 
The apparatus can be easily constructed; the cylinder was made by cutting 
off the top and bottom of an acid bottle, and the plate of glass and 
cylinder were bored by a piece of brass tube and emery powder. The 
great advantage was in having the top plate movable as to position, so 
that the stem of the funnel could be placed against the side of the 
beaker and the beaker and filtrate removed; in fact, the apparatus is as 
convenient as an ordinary filter stand in respect to handling funnel 
and filtrate. 

In some limestones, water was determined djrectly by heating ina 
glass tube and catching the vapor in a calcic chloride tube. 

In the course of analysis, when an unusual amount of ammoniac 
chloride had been formed (as in the case where lime had been redis- 
solved) the filtrate from the magnesia was evaporated nearly to dryness, 
‘and the ammonia salts decomposed by heating with nitric acid as de- 
scribed by Dr. J. Lawrence Smith, and the so purified liquid diluted 
and reprecipitated with ammonia, thus yielding, in some cases, a further 
trifling precipitate of magnesia (which seems to be “kept up” by a 
large excess of the salammoniac). 

Furnace slags were analyzed by the same general methods as iron 
ores. 


Piqa-I Rons. 


The number of pig-iron analyses made was small; hence, but a short 
statement of the methods used will be given. 

The carbon was determined by dissolving the iron in double 
chloride of copper and ammonia, filtering out the residues on to asbes- 
tos, then converting the carbon to carbon dioxide by Ullgren’s chromic 
acid method and absorbing in potash bulbs. The potash bulbs were 
protected by a small chloride of calcium tube placed both before and 
after them; this was found necessary to insure complete freedom from 
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loss in weight. The constancy, in this respect, was tested by aspirating 
a considerable quantity of air through them, and weighing repeatedly. 
Sulphur was determined by dissolving in hydrochloric acid, and passing 
the resultant gas through U tubes, containing a solution of potassio 
permanganate (Drown’s method). The solution in the flask was then 
filtered, the residues fused with a little nitrate and carbonate of soda, 
dissolved, evaporated with acid and added to the permanganate solution 
After reducing, the clear solution was precipitated by baric chloride. 
Five grammes of the iron was used for each determination. The iron 
was in most cases prepared for analysis by drilling with a dry, clean 
drill, and mixing the chips from several parts of the sample. Silicon 
was determined by Drown’s nitric and sulphuric acid method. So much 
discussion has taken place as to the determination of phosphorus, and, 
as quite a number of results are given in the chapter on iron which are 
taken from private notes of former work and will not be repeated in 
the tables of analyses added here which only include those made for 
the survey and which results were obtained by the same method, it 
will be given in full. 

Two grammes of the iron were placed in a beaker, with 200 c. c. 
of water and 4 or 5 grammes of chlorate of potash, the whole heated 
until the salt was dissolved, and hydrochloric acid was then added 
gradually until the iron was dissolved. By taking time, the solution 
takes place without any notable evolution of gas. 

The solution so obtained was evaporated, dried, and taken up with 
hydrochloric acid. The residue from filtration was fused with sodic 
nitrate and carbonate, and the fused mass treated as in iron ores, the 
solutions being combined. The liquid then was treated as in the case of 
iron ores. The fusion of the residue seems to be absolutely necessary 
to obtain all the phosphorus, as from ys to zy of the whole present has 
been shown by numerous trials to be retained there after the first solu- 
tion where silica is present to any considerable extent. The same 
results are obtained if nitric acid is used as the original solvent. 


_ Theabove method is essentially the one used for years at the School 
of Mines in New York, and published by Mr. Cairns in his book on 
analysis; it is, according to my experience, the most satisfactory, though 
not the shortest. It seems that no general method is satisfactory for 
phosphorus, that omits the examination of every product for phosphoric 
acid; such a method as will give uniform results with materials similar 
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in general character, applied to something widely different is sure to 
lead to false results, unless each residue, precipitate and solution is 
examined, any, phosphorus contained extracted and added to the total. 
Having obtained all the phosphorus in a clear nitric acid solution, it 
van be determined by precipitation with molybdic acid, and accurately 
weighed as magnesic pyrophosphate. The only uniform method, appli- 
cable to any iron, will be one that is accurate in all cases (and this must 
be proved for each case), and does not depend upon a supposed uniform 
loss, or balance of errors. Manganese was precipitated in the obtained 
filtrate, after separating the iron from the solution of pig-iron by sodic 
acetate, by bromine, as described under analysis of iron ores. 


Frre-Cuays. 


The general method was as follows: One gramme of the clay was 
fused with 5 or 6 times its weight of sodic carbonate, and the fused mass 
treated as in case of iron ores. The silica thus separated was weighed. 
The solution was then treated as in case of a limestone, taking care to 
insure a complete separation of the alumina by long boiling till all the 
free ammonia was expelled. 

The iron was determined volumetrically in a separate portion, 
fusing and dissolving as before. The titration was made with a dilate 
potassic permanganate solution, carefully standardized. 

The alkalies were determined by the J. Lawrence Smith method, 
using chloride of ammonia and carbonate of lime to decompose the 
clay. The alkalies being obtained in solution as chlorides, were evapor- 
ated to dryness after separating all lime and other bases, ignited to expel 
ammonia salts, then dissolved, and the solution filtered, and then again 
evaporated in a platinum dish, and the dry salt weighed. The potassa 
was then separated with platinic chloride, and weighed as the double 
chloride of potash and platinum. The “indirect method” of determin- 
ing potassa and soda, while it did not “ work,” owing to the small 
amounts of soda present (this element only appearing in most cases in 
traces), led to the interesting discovery of lithia as a nearly constant 
element in the Ohio fire-clays. Too much chlorine having been found 
by volumetric determination in the dried salts obtained as above to 
supply the potassa and soda, the cause of the discrepancy was investi- 
gated, and finally lithia was discovered with the spectroscope in quite 
(spectroscopically) considerable quantities. To put the question beyond 
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doubt, blank analyses were made using nearly similar amounts of all 
the chemicals, but omitting the clay. No lithia was found in such 
blanks. Hence, the interesting fact is certainly proved that Ohio fire- 
clays contain lithia. 

This is, I believe, the first recorded instance of the presence of 
this element in clays of the United States. It was found almost 
invariably. It has not been possible as yet to ascertain the mineral 
combination in which it exists, but presumably it exists as lepidolite or 
lithia mica. Considering the enormons deposits of clays, which the 
survey samples represent, this is another instance of the wide distribu- 
tion of the so-called rare elements, which, when carefully looked for, 
will probably be found, as Prof. Crookes has lately found zirconia, in 
most unsuspected places. 

Another element found in the Ohio clays, but hitherto, I believe, 
‘unreported in the survey, is titanium. It was first noticed in the clays 
from Logan during some analyses made in the Mining Laboratory of 
the University, some 3 or 4 years ago. The following method of 
-determining it was devised for the survey work, and found quite satisfac- 
tory as a means of dissolving and separating this somewhat refractory 
element: 


One gramme of the clay was fused with sodic carbonate, then 
-digested with water, and filtered. A large part of the silica is separated 
thus as sodic silicate. The residues, containing some silica, iron, 
alumina, and the titanic acid, is then dissolved in hydrochloric acid. It 
gives a clear solution, to which sulphuric is added, and the mixture 
evaporated on the water-bath until the hydrochloric acid is expelled ; 
this evaporation precipitates most of the silica, but owing to the strong 
-sulphuric acid present, none of the titanic a id (Ti O,). The solution 
was now cooled, diluted with cold water, and filtered into a large beaker 
or flask, nearly neutralized with sodic carbonate, and an excess of 
sulphurous acid added to reduce all iron. The solution was now boiled 
slowly for some hours, the sulphurous acid being replaced from time to 
‘time as it was expelled by boiling. The titanic acid is rapidly precipi- 
‘tated as a flaky, easily-filtered, precipitate, which is filtered off, dried, 
-and then fused with a little bisulphate of potassa, extracted with cold 
water, and the solution treated as before. The reprecipitated titanic acid 
is pure, and, after weighing, may be tested by the blow-pipe for iron as 
= precaution against error. 
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A most important point in the clay analysis was the determination 
of the combined as distinguished from the “sand” silica. The method 
was essentially that employed by Prof. Cook in the New Jersey survey. 
' We used it as follows: 

One gramme of the clay, very finely powdered, was digested from 
12 to 24 hours in a flask on a sand-bath with 10 to 15 cubic centimeters 
of strong sulphuric acid; the temperature kept near the boiling point 
of the acid till the clay was completely decomposed. The mixture, 
well cooled, was diluted with cold water and filtered. The silica so 
obtained was weighed, then ground fine in an agate mortar; to it, 50 or 
60 c. c. of a 15 per cent. solution of potassa was added, and boiled five 
minutes, filtered and washed. The residue was sand and undecomposed 
silicates, which, deducted from the weight of the total found above, 
gave the weight of the “combined silica” ; this again deducted from the 
total silica found in course of the regular analysis, gave the silica 
present as sand. The results obtained thus were quite uniform, and 
corresponded well with the observed characters of the clays. 

The sulphuric acid solution of the clays so treated, after reduction 
with zinc, served admirably for the titration of the iron they contained. 
Such is an outline of the analytical methods used in making the present 
series of analyses. For convenience of reference, the tabulated results 
of the survey work are given below. In the coal analyses, the “ fuel 
ratio” or quotient of fixed carbon divided by the volatile combustible 
matter is given, as this eliminates the influence of the ash, and shows 
the dryness, or otherwise, of the coal. 

The sulphar of the coal is not included in the totals of the analyses; 
as it is not possible to tell just how much goes with volatile matter, and 
how much with fixed carbon, so it is always given separately. There 
are a number of analyses in the present volume not included in these 
tables. Such are, in most cases, taken from private analyses made in 
the laboratory, which I was permitted to use, but which are not part of 
the chemical work of the survey. 
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ANALYSES OF IRON ORES. 













; pe | 
. 9 
LE wie} als 
a7 | & 5 |i 
4 Block ore, Perry county weve cecces conces aes sunsenree 424 36 1293 
18 | Black Band ore re, Mahoning “county ... Antennen covesscvcesen AA 145 144 7.15 
17 Caleined block ore, Ironton, Ohio... ececeneces socssenenceccees $2.00 62 3 $557 
18 | Limestone vein of ore, calcined, Ironton .....cace.ccsoescaceseass 42.60 216 1.09 Zu 
21 | Under Coal No. 4, of Prof. Newberry, Columbiana Co... 29.80 38 1008 
81 | Baird ore, Harrison township, Perry county, Ohio ....... . 817 15 1483 
87 | Bird Run Black Band, Tuscaraw as Co... sw cavsvesoscccceccouce 26.90 196 1.08 118 
89 Baird ore, Perry 00.0 Ö. 00 000O 0S 00BO00E00 OOH SOOSOS 05000 A000 29.00 076 .78 1977 
48 Wam um ore, rod Furna “oo so....u....... 0002000004 998090000. $2.90 326 78 21.17 
140 | Ore, 12 inches thick. Muskingum co. ocvacesencees coccceses 88.00 .188 al 5.38 
141 | Black Band ore, 15 foot thick, Stark CO.............. csocecccoree 20.15 592 175 18% 
144 | Iron carbonate, Holmes Co ..........ccccccccccccorencavcce sonsousernunene 35 137 352 1938 
145 | Black Band ore, over Coal No. 5, Holmes county... 19.26 120 181 2 
146 | Heavy dep. of a ore over Coal No. 5 5, Tuscarawas Co.. $8.85 518 178 867 
147 | Iron ore, roasted DE CO...0.. cescccscrcnsere evcscessecesecece ns. 59.50 288 167 88 
149 | Dugway ore Athens Co. sonnnsssenensn ceccssen succeccees  eecacesescoccese IR 82.70 261 024 1197 
27 Rouvh ore Kom Pomeroy. 060000000000 89000000 OF 0009 000 000 05800000 0% 8.38 v....uuunmesee so.....u. 1% 
Ore from near MoComnellsville 0c. ...csccccceccscesescoceccccseccose BABB | ......cccrccee| cosrermeccere 138 
211 | 8. E. ‘ Section 82, Morgan Co., O............2. 16.50 | ..ersrenoonee| coccscemecee --| 18 
210 N. Ww. Section 82, Morgan Co ec0snene 04606086 0088 = cq vo... $4 
151 | Black d, Carroll Co ......000.cs0se ceceessecsessovenccscnsccnccs cencceees 25.66 157 46 12.2 
148 | Black Band ore, over Coal No. 5, Holmes Co..........cccscees oes 16.15 5 94.28 
143 | Black Band ore, Guernsey Co. Oe nen 12.60 166 | 28 | 5“ 
142 | Black Band ore, E Holmes Cv., O.......scescersssrsce svccseseccecces cesses 11.80 16 6.99 8752 
189 | Ore above Coal N to. 5, Omaburgh R. RB. cut... mem. 29.7 | ceccesereccoee| cores mn | 16.58 
88 Block ore Per wsooaas00000 os...u.....u..uu.. $2.12 208 020000 hweence 92 
34 Iron ore, from Pc Co., "©... 000098000 90 0000009 020 2 9020 500 0 9 90000 von 85.66 385 cocccsevancces| 587 
83 | Baird ore, Porry Co., O.........cscccecscccccesccs neuen ssecssccsecccccazcnss 15.00 AZT | nccrcrevceens an 
82 | Section °, Claytou township, Perry CO .......ccccccsccocseccsecceces 88.88 12D | aaa 12.06 
ANALYSES OF CLAYS. 
£ E 
Ze a: 
85 $8 
© g — 
= B 
35 | Potters’ clay, under Coal No. 4, from G. W. Brammage, Roseville, Se 
tion 9, Harrison township, Perry Co., Ohio .........#00000c 00000 sevces concen cae 6.57 
86 | Potters’ clay, under the horizon of Coal No. 5, Allen’ s Bank, Section 
Harrison township, Perry Co., 0............0000 nassen sonnennun sansensnoennesnennner 8.08 
40 | Potters’ clay, on horizon of Coal No. 5, Section 10, Madison township 
Perry Co., Ohio ....uusnneesunseonsnssanssannnsnnnnnnensrsssanssnnesausssmnaneennanssn sonne 718 
160 Bolivar. clay, from Island Fire-brick Works, Brown’s Station, Jefferson 
161 | Plastic clay, locality, otc., same aß 160 .---.c.ccc.ssoscseccesscscse scsssvace ssvevess| 9.67 
162 | Fire-clay, ocality, etc., BANE BS 160..... anrenenennnnnnne cesaee soceesce: secseesescesees 6 
168 | Flint fire-clay, under Goal No. 5, ©. E. Holden’s mines, at Mineral Point, 
Tuscarawas C0......c.cccccocccscccvccccs cocevccss nennnnanı seceecceseccsessensceconcceceeess 11.68 
164 Sewer-pipe clay, N. U. Walker’s Bank, 100 feet below Potters’ clay 
Walker’s Station, Columbiana Oo ..............sscccsecessoccescccees cencaccnecncens 817 
165 | Specimen of fire-clay, bank of Freeman Brothers, Freeman’s Station 
Jefferson OO .....cccccccccccecccccccces ceccec sevens sennnnnne sanannnsnenensnone sensan snensanee 0.95 
166 | East Liverpool Pottery clay, bank of Frederick, Shenkle, Allen & 
Columbiana Co .......ccccce scecccccccccccccctecccscvessnes -secseccnce ssecececces- nnonnnen 7.77 
167 | Ballou cla ay horizon of Upper Freeport, or Bolivar clay, Zanesvill 
Fire-brick Works, Putnam, Ohio............. Sessssnssmonsnnsnnnsnnnnsnsnnnnnnne 0.96 
168 | Sewer-pipe clay, Waynesburg, Stark Oo. ...........ccsecee enesensenne veccesccess one) 707 
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N] oy 
$ 5 d J . o.: 8 
° =| =} m 
E | is g | | £ | gis} a] 4 
sf| ge | 2 | ae | & a [e848] 3| 2 
B= | 8° < & |e? | 
150 58.45 8.71 2.98 "158 3 1482 90 100.07 
252 31.26 4.62 55 1.86 144 4758 1.86 99.96 
ecseccsscecece 45.72 6.10 1.09 285 28 2.11 48 97.39 
eecccseee 62.80 736 26 8.09 109 .78 2 99.77 
| | 60 52 ene] seeee 5 30 peeleeoece 1.28 eesleces 1 "6 eon] toe ees su 200002 | sonen WEBGSHH | Tau n Wonennen | oees \ "6 "1938 ut eeniegee 99.96 
"15 58 ce | ences 788 sorlaoone Fi si eee] evece i En ay wee! su00nannnnn 000 | cence: cscancce | cocesccstoccce [sone ry i wee Leos cece 58 ... —. "00.38 
180 41.08 7.98 1.42 2.07 175 25.28 | 2.18 | 10057 
88.17 286 691 42 2.67 3652 3 22 100.76 
1985 | 548 | 1881 04 | 295 181 896 | 58 | 98.41 
48.11 42 447 207 8.15 178 25 12 100.44 
menu 85.02 238 08 161 167 secsesescceel AD 99.76 
29.04 14.43 6.29 83 6.10 024 2.41 Al 100.84 
"15.29 | 00 IE 212222 22222222122 2:22 172880 Uli 
77 1715 |... ccccsccesce|seccccccccscce|sccscconccen| onnannensennen |oomennnnnunonn|ononenenuonne |usnnanennenr DB68 |... ..rcccceleocceccecs ‘ 
18.75 1.B7 | ccccccvsccccs| secccccesencer|ccccecncncce| accccccccoosselecccccececsees| csceccccccce| enenestecces 18.28 | ..ccocccecclecese decose 
ANALYSES OF OLAYS—Continued. 
a! : 3 oc 
3 = a | 3 
g d 8.| 2 = 4 3 g 
Zo| - =. = 2 , dq | < 5 d 
| & | $2 73:38 38) 9) 2] & 
| 2 |#*|5|alaifls/|8|ei|si es 
| | 
1.26 | 19.08 |........... 43.73 | 29| .60| .68 7 2.14 2141| .94| 99.96 
itn1a 
1.50 | 28.01 |.......... | 8479; .85| A| 62 trace. 126 | 1.97 | 100.55 
ithia 
99 | 28.08 |. 3 | | .58| 58 trace. 145 | 1.11 100.90 
ithia 
166 | 24.97 | 2022 | 31.34 | 1.80| .68| .40| trace | 28! 1.69 | 100.89 
977| 298.69| BB 1607| .72| .77| 1a 25 | 257| 172 | 100.87 
2.65 | 2141 | 8245 | 3036 | 1261 58| .8 7 at 2.89 | 1.47 | 100.65 
' ithia, 
67 | 81.84] 8539| ımıs| 1.68! .50| .19 | trace. | .59| .69 | 100.86 
241 | 27.88] 80.08 | 1550| 1286| 42 | .68 7 ‚12 831 | 76| 99.54 
ithia 
19% | 8010| 87.92! 1830| 185) 62) .58 trace. 274 | 1.08 | 100.50 
ithia 
146 | 24.12 | 4228| 18.02| 120] 59; .68 trace. 9.42 | 86| 99.40 
ithia, 
122| 2647| 31.07| 27.71| .94| .50| .82] trace | .99| 1.04| 10081 
2.96 | 15.89 | 1620 | 52.69| .16| 59] .66 27 | 223 | 108 | 99.68 
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B 
169 | Fire-clay (from worked clay prepared for moulding), Island Siding 
Works, Jefferson Co......... Lensannssuesonnanansenunsnnenassnenonnensonnnennarsnenan annene 
14 | No. 1, blue clay, pottery clay, bank of Myers, Atchinson & Oo., near: 
N. Springfield, Summit Co ......... ..ccccsscoccee cesses secerssacecesccscseccoenss 
15 | No. 2, white clay, pottery clay, locality same as No. 14, upper stratum 
(No. 14 is lower stratum) ..........1. .cscose: onnonnnen sescncces sevcecveecccenecesceece 
16 | No. 8, pottery clay, locality same as 14, a mixture of Nos. 2 and 1 in 
equal PFOPOFtIONS ......zuseenser senennane secvenccescccasccoses sacee: enscerevcescsceccous es 
222 | Sciotoville clay...........c.ccce--scco:secee: ssccesceecuscccserceccecccccssace sascsucscocescees 13.77 
223 | Clay from Ironton Fire-brick Co.’s Works, under Coal No. 5, Ironton ...|........ . 
224 | Potters’ clay, under Lower Mercer limestone, 4’ thick, H. & J. Stripes...| 6.63 
225 | Slip clay, from Albany, N. Y., used in Roseville potteries......... lentes toeees le eeeeeeees 
226 | Potters’ clay, beneath Coal No. 6, Walker’s Pottery, Roseville............... | 6.08 
ANALYSES OF SLAGS. 
F 
3 
A) 
= a 
EE 3 
7 
41 | Slag, made from lake ore, coke and lime, no cinder, Lowellville, 
Mahoning Co., Ohio ..........cecncesceeccescsmens snsunannn senses sence cesses senses 30.66 
44 | Himrod Furnace slag................c.cccscossnseecanses sononrone cosaes nsnsnsunenuenen 36.41 
152 | Slag, mude with No. 1 iron, Hamden Furnace................. Loses secseeaes 52.90 
153 | Slag with pig-iron, Hamden Furnace ..................c0sccceceos secees sensecses 35.78 
154 | Slag, made with No. 2 iron, Cherry Valley Iron Works, Leetonia ... 63.71 
155 | Slag, made with silver-gray iron, Hamden Furnace...............cosceeess 49.57 





PIG-IRON ANALYSES. 





fe 

os : 
TE & 
oe zZ 
156 | Pig-iron, Cherry Valley Iron Works, Leetonia, Ohio, No. 1 iron 

made from grey limestone ore, Hamden Furnace...... ........ seo... 3.85 
157 | Hamden Furnace, Vinton Co., Ohio .........-.sccecsces sanson onnannnnnenennnnen 2.33 
158 | No. 2 iron, other items same a8 157 ......... oenennensonssonnsunnanunnsnannnnunene 2.33 
159 | Silver-grey iron, other items same as No. 157 ............seseseccree sevens 3.85 
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3 5 2/8 
o dj s.| g g ad |v é 
| 2 | <3] >| g I @/ ag} ca] 38 a 
oa/ 2 /32| 2/2/28] 8/42) 2/2] 4 
&°| ¢)/¢°7| 6 1a] a/])s/a87|&/1s a 
4.42 | 20.80; 81.00 | 29.16 97. 1.15 72 21 2.89 | 1.00 99.88 
(19.38) NO) leeren 18 | Blanc. 1.12 | 99,84 
(22.61) (|) le... 99 | Ulla. 1.00 | 98.51 
21.137) (69.105) sass. 1.70 | QD Jeccceesscsoolecesseeeee 1.00 | 99.88 
40.112) (48.178)  leeernenenele ceseseee] csseees olannennnenumlen eeseees a ee 
cccccceces| sccccceeses 86.16 18.07 | eeeeceoee| .ccccccec] cccccce a] socccon-ceslececcccccclescccvcens (sce cccccece 
(19.[28) (72.|26) | acesseealccosccnscel soveescece] coceeesessee] seeaeeoes BB ee 
Soda 
AB | ..cccccccce|-cocccccccce|scccccccecce| coccccece|scccccccse| scocccnecs 7 8.17 |. cccccccsslecscovcccces 
(19.131) (89.179) | cesesvsasalecccsssoeal covesesees|seveseesee of ensseeers leeren 
ANALYSES OF SLAGS—Continued 
© 
d 2 
53 2 
g a, 
32 : 
5° = 
10.75 50.97 2.66 .60 221 |Not determin’d 100.85 
2.88 47.43 1.15 72 1.68 | “ “ 100.27 
22 24 21.51 1.98 1.66 16 .004 100.40 
11.69 49 65 82 92 1.55 .009 100.41 
22.94 20.67 2.08 |Notdetermined 19 |Not determin’d 99.60 
22.49 26.14 1.95 “ “ 9 | “ 100.44 
PIG-IRON ANALYSES—Continued. 
8 : ö ei 
3 3 : 5 > 
2 a & = ci 
3 8 & a q 3 
= A a s| 5 Ei 
8.033 .794 .016 1.480 90.827 100.000 
8.245 .619 .087 .720 93.049 100.000 
8.435 Not determined Not determined Not determined. sevccccenccoscscce | seccccescccevece 
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us Hill CO]..........ccccccscccccssesceceees eceseesseeess 278 
Akron mine®....sssoeusuonsoononsosenansennnuenn =. 
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SOP ASOST CELE TOS un 000 LE ESDED RUSS 1a. 
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of sea: 
Allen. 8 Samuel on mines Of.........c0.00+ seo 247 
Ames limestone. (See Crinoidal.) 
Amherst quarries........ eecencoesscesesccnses sess eesee sonne 
AMMONIA in COG! BAS ....ccccece co.cc sseccccscesceesveces 
Amsbaugh, John, ine Of ......c000 cores sesens sons en. 
ANALYSIS— 
Methods used in, coals, 1087; flre-olays, 
1096 ; ıron ores, 10¥1; pi -irons, 1094 ; 
Hmestones, 1098 ; sulphur n coals, 1089. 
Tables of, coais, 1099 to 1108; limestonen, 
1109; cokes, 1109; iron ores, 110; clays, 
1110; slags, 1112; ‘Pig-irons, 11 
Andrews, E. B. Prof. 95, 106, 113, 7116, 117, 


585 
7124 
826 


168, 278 916, 095, O6 1008. 

Andrews & Hitchcock. esses eee ae 178 

Anemometers... = USHERBOOD CEH EAOOH SDB CECSES HOTEL 868 

Anthracite, in farnace use . wes one 557 

Anticlinais in Ohio coal measures, “Quern- 
sey Co., 140; Fredericktown, 185, 206; 
Wellsville, 185; Salisburv, 200; Huron 
Co. uscara was Valley, 189, (See 
Cineinnati Axis.) 

Austin Fiagstöne ..........csccsosccessscorsessscscsessecsss 580 

B 

Baird ong, 1% 108, 380, 479, 988. (See iron 
ores 

Baird Furnace mine, 959; section of coal, 
959; near line ot low ‘coal, 960 

Baker brick PTOBB...0.4 sescen cesveceee eecensscens coses jenen 692 

Ballou clay. seeas cones socnccosenescecacscetsacsan censcetssocnss 667 

Ballou’s nding, coal mine of, 877; clay 

IMING...... ..eceecccececcesescecene cece annonne nen cacsescovese - 667 

Barren Measures .. saccevccccencossecuce necese cence somes see 1- 

Iron ores OF...........cccccccseeses senses soneee ceeccones 874- 375 

Baltimore & Ohio Railroad, mines ‘on line 
of, 290, 872, 875, 900, 961 ; "quarries on line 
Basto on 591, 596. 

rocess in tron manufacture ................. 518 
mms coal Sandy township, structure and 
Bi yeis Of eee Al 
Bayley Run coal, 105, 106; ın Sunday Creek 
alley, 942, MA: analysis of, 948; in 
Hock ng Valle , 985, 986. 

Bedford canne! coal, 159-845; area of, 845; 
map of field, 846; structure, 847, 848, 849 ; 
analysis, 857; value, 845. 

Berea Grit, 583-578. (See building stones.) 

Berea shale ...... aaa coenesscevecensse 578- 602 

Big Sandy Valley coal seams of... een 68 

Big Vein Coal, Salineville zes. 51 

lack, Thomas M....scccs.-+-e.c. wesesces seccseee esececece 918 

Blackband ore. (See iron “ores. 

Blast Furnaces— 

of 2a FESese coo 0 0 0 1ER 0 24 E90 40n008 eases .462- 645 
economy of........ eaves cesere conces ces soseseensscece 513 
heat ulrements of .......... eeneececces soe sees . 8 
table of, in OWI0........0.0.sc000 enonnnenusnensn cee 


é 


BLOCK CoaL— PAGS 
of Mabonin i Phe ae toe 156, 160, 171, 176, 846; 
character o 170, 


anal yses of, 1 

171, 172; royalty paid on. 172, 177; 
Cleveland te Ar 172; exhaustion of 
178, price of mining, 178; skill in min- 
ing. 
of Ohio Valley.... eacacosace wc cvecec cosvacceesee4O= 206 

Block ore. (See iron ores.) 

Blubbering of stone- Ware .............cccccsssesesrsees 

Blue limestone. (See Lower Mercer.) 

Blue Rock Cual, 881; extent of field, 882, 
883 ; character of coal, 881; dangerous 
mining, 881 ; analysis of 88L; instability 


Bodey, OW... eeseetcoces 100200 252.008 O08-e 20800 Seeeeeosen e8auen 264 . 

Bolivar ELITE TEL EETITIERETITITETTIITTN PET TETTTEIEETILIIIETTIE EEE TT 818 
Section at, 67; coal of, 268. 

Bone coal. (See cos .) 

Bowen’s coal mine......... 885 

Bowerston coal), 252, coal claimed ‘in “drilihole.. 244 


Boulders, 758, 757, 762, 764, 768; in coal, 136, 


1006. 
Boulder clay, 751; thickness of, 752; in Ohio, 
787; e evalion of, 760. 
Bremer, PRO seeeensnosnnunsnenenennennennneeneennnensenneneen 
Brewster Brothers, mines of, 781, "784; deep 
drilling of, 781. 
Brick, silica, 699 ; glazed, 706; pressed, 704. 
Brier ‘Hill coal. ‘(See Sharon coal.) Analysis 
Brilliant, gas Well At nn... 
Bristol, coal mines of.. 
Bronson, H RESET DOSE CH EDSS CESSESTES ESE CHHEOE 
Brooks, Ww. B. ‘and. ‘gon, mines of, 970; sec- 
tion of coal, 971; analysis of, 978; "min- 
ing machines used in 972; output of 
ra 0 3p of working 
oval, 972. 
BROOKVILLE COAL— 
(Sy nonyma, Coal No. 4, Newberry, lime- 
atone coal, gray limestone coal, utnam 
H.ll Hmestone coal, Greentown coal, 
Win ter s coal, Flint Vein coal, Conway 
coal), 2, 8, 55, 90, 160, 161, 282, 999. 
General characteristics of, 160; in Stark 
Co. 280; Tuscarawas Co., 259 : Holmes 
Co., 828; ‘Coshocton Co. 844; Muskingum 
Co., 870; Hocking Valle Vinton 
994, 999, 1000, 1001, 1 * Pe leak, 1006; 
ackson Co., 1081 ; Lawrence Com 000. 
Broom’s Salt Works, section at.... nnoson one 84 
Brow nhelin quarries eceeee ses sos sceees sen ononee eeceesenses 
Brunt, H. & Door-knob WOTKES ...........s0000 677 
BRUSH CREEK x GoaL OF PENNSYLVANIA— 
(Syuouyme, Salineville Strip Vein, Coal 
No. 7 » Goal No. 7a), Finley coal, 48, 49, 
61, 58, 61, 68 100, 101, 168, 198, 254, 278; BEC- 
tion of, at State Line, 199; at Steuben- 
Kart 214; at Carrollton, 246 ; analyais 
0 
Buckingham, MINES Of....usueesoneooonnnnnunnenunenenonee 938 
Buchtel, mines of, 966, 967, 968; quality of coal. 987 
Buchiel OF6.c.ceccescssseccessserescecctessscsesecerssterssesece 1 
Buena Vista stone ......0...2..5. ccsecsceccess ..599, 601, 602 
Byesville mines 295 
Building material ...... ....nsnoesosonannonsnnananunsnee 
BUILDING STONES OF OHIO— 
Chapter OD...... reccccsee cece: ecccee sescccces sunnenene 677 
Limestones, horizons of................ eu 60B- 641 
Cincinnati group ....... sensnsnssnmenanenen see OB 
nton eccescccscscacsscee ELL 


281 


170 


S8SRSCsaSeen CHES ORES 


819 
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Niagara group, in Preble Co., 611; Miami 
Co., 612, 620; Montgomery "and Greene 
counties, 614,615; Clarke Co., 617, 618. 

Piqua uarries, 618; Pt. Marblehead quar- 
ries, ; Putnam Hill limestone, 688; 
Sandusky, 634; Springfield, 617, 618, 619. 

Van Wert quarry, 627; Wlimington, "616; 
Xenia, 614; Ye low Springs, 619. 


Sandstunes— 
Sub-carboniferous ............ccccccsecece seceesevecee O77 
Complomerrate .........ccccce.cosce sessescevces snsee: 592- 602 
Coal measure, 604, 606, 607, 602. 
Value of annual roduet. paccceseecees oc nccedeces „ 642 
Akron quarries, ; Amherst, 585; charac. 

ter of Amherst stone due to weather- 


ing, 685; Austin Flagstone, 580; Bel- 
mont Co. quarries, 606; Berea Grit, place 
in geries, 578; outcrop of, 579; quarries 


Flint Ridge cannel field wc veveces cose: seccee cecees 


INDEX. 
PAG PAGE 
Building Stone—Continued Building Stone—Crntınued. 

Ni lagare seccea sonsanenunen -atcasanenpecascuess e.....611- 621 for grindstones, for glass sand............—. 5% 

L. elderverg stance sseuoesceccesccoescccsccscess 621- 629 at Austintown, in Coshocton Co............. SH 

Corniferous .. 286s sepoeeese sen recess ® evceee -O20— 637 Piketon quarries... POO 08 ess OOF OESOCE CO Ce Ha Hamm. 598 

BUb-Carboniferous ...... .ceosoe..sseeceeeeen637— 638 Portsmouth quarries saceescecees seaccese aconcen-~ MM 

Carboniferous ..........ccsccsescessee cea: sneseceseee 688 Purple sandstone of Akron..............0...--. 8 

Value of limestone annually quariied . 642 Sharon Conglomerate, used for building, 

analyses Of, 610, 612, 615, 618, 619, 623, GUN. 592, 602, 603; at Braceville Ridge, 581; 

SETUELUrE Of ...sccssucccscsecesessecsssesesesees cesses 640. at Akron, 608. 
microscopic structure of, 612, 613, 615. 616, Steubenville quarries............-....- ee | 

617, 618, 623, 624, 630, 681, 632, 634, 635, 636, Twinsburg Quarries ...........00.2cccccccscceccrenee 08 

683, 641. Warren Flagstone .............cc.s.ccsees sancce cose: 5% 
large blocks produced, 609, 611, 613, 621, Waverly Brownstone .... ...0.....sce--scccrccnn 090 

36. Waverly Conglomerate, at Mansfie:d, m; 

Cinctunati group, 608; used for lime, 609; in Knox Co., 591, 594; in Hocking Co 
structure of, 68. 598; in Lickin Co., 508, 597; in Fair 

Corniferous limestone, 678; in Franklin field Co., 506; averly group, 578-598; 

Co., 629, Logan Cu., ; Marion Co., 681; Zanesville quarries, 604. 

Crawford Co., 638: Beneca Co., 684; at 

Sandusky, 634: Kelley’ s Island, 631; Pr. C 

Marblehead 
Covington quarries eee sveees seoeesee kee none e » 620 
“CQutting”’ BLODE ....ansnesnononnansnnennenaronsannon ene 620 | Calumet Clay Works........osssoennenennouuoseneneeme 714 
Dayton stone, 614; geolosical age of, 614: Cambridge, sections at.......0....-cssce scores nennen 80-87 

characters, 614, 615; microscopic struc- CAMBRIDGE CoaL—286; duplication of seam, 

ture of, 615; value of stone laud, 613. 257-288: area of, 289; character of, 2: 
Dolomitie limestone, 618, 620, 621, 623, 624, map of ‘fleld, 289; at ‘Sarchet farm, 

625, 626, 627. 629, 631, 682, 681, SW. at Central mine, 291; at Scott's, =: 
Eaton quurries.. sonunennnunesn nuusenensenunesessenenenee GLL Nicholson’ 5, 294: Byesville, 295: Hart- 
Findlay Quarries ...eesseerozeonenonnonesserannne ou 621 ford, 296; analyses of, 292, 293, 294, 295; 
Flagstone quarries, at Warren, 580; at breake In, 291, 298. 

Iberia, 591: at Berea, 581; at Eaton, 612. Cambridge limestone— 

Greenfield quarries, 621; uses of stone, first appearance of, 88; value as a guide, 
621; strength of, 622. 83, 87, 88, 89; near Zanesville, 98 ; 

Keiley'a Is qd quarries, 685; glacial Go, 101; Athens Co., 109, 110, 111: "in ec 
grouves in, 750 tion with Carbondale coal, 112, 118; 

Lima quartieß nc... cecees esscssessneace sanrnennenne 624 Hanging Rock district, 121, ‘1086, i. 

Lower elderberg limestone, ‘in Highland Camp Creek miues ......... “un. §10 
Co., 621; Ross Co., 622, Champaign Co, Campbell & McFadden, drillers of deep well 
623; Allen Co., 624; Van Wert Co., 627.; on Wagner farm...... ca ssarrmnoeuee men 798 
Seneca Cou., 628. Canadian magnetites, use of, in Ohio........... „ 4 

Marblehrad quarries acceen aesnsunnsnnene .....685- 636 | Canfield, section at, 29, 80, 4. 

New Paris quarries ..... seve veccassesceces coecessecee 612 | Cannel sean, 31, 32, $3. 40, 180; seam doubied, 

Newtonville limestone ............00¢ Onnonssuunann 637 181; wrongl designated, 81 
used in Zanesville ............... 000. ccces snenesse 688 | CANNEL CoaL—characters Ole. 145 
for furmace fUX...........c000 cssecescrsccensacensces 637 Bedford cannel fleld.........2-scecsm--cc0-159- 2 


Milton towaship cannel field... 103 
Sand Run cennel.. nr MA 
Webster canuel.........-..< a sasces ennann cee ceece 1082-1089 


Diamond mine, cannel Of.......0.....-.sscccoms 
Cook’s mine, 
Moore's mine, 
Mowrie’s mine, 
Sharpless mine, __*"  zeonssonoenumnsen om 
Strawbridge mine, MO sevcaceevcceces raue 
Wilcox & Osborue's mine, cannel of...... 
Canal Duver, mines of, 264; structure of coal. 
Bodey’s mine; 264 ; Harper’ s mine 266 
Canal Fulton, deep > boring MET... nenn 
Carbondale, 980; coal 
coal, 118, 981; analysis of, 981; place 
of, in series, 109; first shown by Andrews, 
115; borings below, 114. 
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in, at I ndependencs, 582 ' Berea. 583 ; Carbon Hill mines... Preyer Pe nor mc. mean 968 
Amherst, Peninsula, 588 ; Leesville, Card & Upson’s mine.. acscscocscececcececcccccceme= MO 
689; Bunbury, 593: Waverly, 598; an- Carroll county, coal MINE Of .......c0cenceeae— MA 
alyals of stone, 687 ; markets or 684, 587; Available BEAMB ....... nen AA 
tug st stone, 581, 504; as grindstone Cary & Urmson’s mittee ...............ccescscccene eee EM 
grit, ; strength ‘of stone, 584 ; C.C, Ware .........ceccercce er A 
modes of ara 683-587; an old Centerville, Gallia Co., "section at............ our 108 
shore „line, 98; in rill holes at Clin- Chalfant’s Station, glass sand Of.... cece. 885 
ton, 80U bad Chamberlain, J. G.. sonnnn0. 1m2050 - stnene ttt tt eed gl 
Berea shale .......unesneeneennenennnenenn nennen. 078 602 Charcoal, use ‘of, in Hanging Rock = 
Brownhelm quarries ... PRPER acon seceeesesencee soscese 587 Consumption of, 498; gy cient of, 496; renewal 
Buena Vista stone .. «agree 9D, 6ol, 602 supply. 494, 495 
Clough Stone Co............ secceccensssces snnnsn soseee 687 Charcoal urnaces, list of, 457-458 ; arrange- 
Constitution BtONG. ........ccosses es ccccessenees 607 aoe et 506 ; contents sand roduction, 
Cumberland quarries........0-..cccccoscccessvosee OO blast employed, 507 ; dimensions, 
East Cleveland quarries ............ soesesseceseees 688 506: details of construction in Hanging 
Freestone ..........ccncccscccscnccsserece sense 579, 597, 601 Rock district, 608. 
Glass sand ...... ..c..cecces cccces conse vonsanssenensunsee 692 | Chaunce es | 
Inskeep, J. M., quarries of esecee ceceessnecce er... 601 | Chemi sport oh. methods ‘employed _____ 1088 
Litho his quarries eusees conede COC OCEOH® Bote 0 mu 000000 697 Chem repo 000808 1090000 Bo 000 VOHTSE 00007 DOVES. 1087 
OD BANASTONG..........-.ccccsssssceesscceccees 592 | Chilcote’s mines... snnsnensomunnnsse ceccsneesccsess-erese «| MO 
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PAGE PaGE 
China-ware ...... sneeveee tosevens Steee ceceeranccensecsecee cncees 682 | Coal—Continued. 
Chippewa mines...... teecseeen seseeees saoscoes sencenecs 789- 791 methods of analysis discussed............... 1088 
Church Hill mines, analvris of coal, 171; losses in mining ........0....0000 . 882, 925, 956 

cannel in seam, 171. preparation of, for market............ con. » 158 
Cincinnati and Muskingum Valley R. R. VISOR Of .....c.ce,ccecscenenens bsaeeeees gee seccasceccccces 150 

Coal mines On...... ....ccceecocenee PRPPRURBRFFRER 876- 892 specific gravity Of...............ccscccccece sev ceeeces 155 
Cincinnati AxXI8.........0.cccoccerscecseses soscessesees 184 Screening OF......ccse.cceceresccece soveves ee acsceees 153 
CLARION COAL— grades Proaduced.........ccccce once sesececcees 154- 328 

(Synonyms, Scrub Grass coal, limestone ECONOMY IN USING .. 00... sceccee cocrveces „151- 155 

coal), sometimes Coal No. 4, 5. 95, 102, proportions left in pillars 2.0... ....cccccccese- 809 

1041; divisions of, 162; general charac- size of, as affected by mining ................. 316 

ters of, 162; mined in Mahoning Co., washing uf slack......-..-0c..cccscsssecse-sseeee DAL 

179, 184, 186; in Leetonia field, 192; at Standard thickness 2....ccc...c00. seees sonen 827- 347 

Steubenville, 208; in Holmes Co., 828; bone COAL.........-008. seecenscovees seeses .. 887, 922— 929 

Perry Co., 887. (See Scrub Grass coal.) horn COB] ...... seusnsonsasnnunununennauossone sanensene . 948 
CLA YS—CHAPter ON... .ccccccserees seecre cee sosens etesaecane 643 OS furnace füuel.....eccoesossonansesoonsanantsnenen ww» 461 

Origin of..........00... dee savcacaveceecececs ences ssecasees 644 where first uSed...........-c00secsesescssccoe cece cose 408 
Localities of— Coal Field of Ohio— 

Akron ... „2.200 220000000000 concen sesnes cneseeseconeees 662 area Of......... ces cocersenascesecee coacseeas 184, 817- 444 

Albany, N.Y... .cccccssccees cone nennen son nonnunsserne 671 structure OP......essaseneonensnuunna aennarunnene 134- 185 

Bolivar ....cccce.scccs cece cee sonne easenceas see ces ceeces 667 dip Of beda....cssnannesnnnenenonnunnnonenen seersecsesee 188 

Calumet ..........u020000n0nun0nu00 nn 000000 0n0n cosens 663 | Coal Measures, classification of, 1, thickness 

Coblentz, Germany ........zcssene. aonsonueen cones 654 OF seve sccccesecsoesscees ences receecsseeesvcnes soscssoos 446 

Gros Almerode, Germany ...... encnaceenes ces - 654 | CoAL MINING IN OnIO—Chapter on, 301; be- 

Haydenville ..........es.0.02.00a00n000sennennonenenee 668 ginnings of, 818. 319; in England, 201, 802; 

Jefferson Cou... ccccce cesses mmmen se gece ces seseeese 665 svstems of British mining, 306; pillar 

Logan .........usssrneenenennnnonnnnnennnaen see tonceense ces 661 and room system, rules for, 805, 307; 

MOXAN AI ...... 2.220 ccccacceecce cocesccnsces ssesenee ~ 666 Jongwall system. 306; obstacles to long- 

Milwaukee........essosseoosnuen seeneee: 647, 654, 657 wall system, #807: advantages of long- 

Mineral Potut ........... .cccceccessasee ascnceee 648- 665 wall, 314, 316; size of pillar, according 

Missouri ....cccceccc.  sernccesesscsses senses anna Tu1- 6Al to depth, 309; drawing of pillars, $11, 313, 

Newcastle, England............:cscescsecrececccsees 654 314, 334, 356; opening of mines, 328; 

Newcastle, Ohio 00... .cccssscscsssesessessossseens 666 | classification of mines, 323; conditions 

Oak Hill ....... 101. cccsessecee cesses coeees soeese cee ces 666 of mining in Ohio, 324; mineable thick- 

Rose ville....ccccccsesccses cescescossenesseas ceeaseesares 664 | ness of seams, 327: drainage of mines, 

Sciotoville ............ © canes savces cence seaceesevase 661 331, 972; fanlty systems of mining, 332; 

Springfield, Clarke Co ..... zunnen cece cecsee eee 657 tools used in mining, 302, 835; machinery 

Springfield, Summit Co........ueossoosusssesee 662 used, 339; coal cutting machines,342; how 

Stourbridge, England ...............cscc0ccesees 651 viewed by miners, 344; labor of mining, 

Geol vgical horizons— 336; explosives used, 886; dead wor 

Freeport Coals .......cccc0.ccecee coeses anenen nenne 667 | 337; nationality of miners, 347; cost o 

Kittanning coalß.....eere---... #200. 20. 665, 666, 676 equipping mines, 348, 350, 1021, 1022. 

Clarion and Scrub Grass Coals............... 664 | Systems of—in Mahoning Valley........... 846 

Brookville coal ............-.ceseees snononenmunn ces 664 | iu Steubenville ............. Kerssrenssuenen steven S51 

Tionesta COS] ...ccsnsorooannene conten cores ceereeeee 663 | in Pomeroy ............ - -. zeonsoonnnnasaerenen sence 854 

Mercer COIS ..... ...ceccon scone reece soneessscesenee 663 in Hocking Valley..........ccccsseesss ne nennen 857 

Quakertown Coals 20... anzseeeeseenenssneneunnenn 664 | Coal No. L (Newberry), see Sharon coal. 

Sharon COAL ,,.......cc.ccecccssesceeveseesceecess ern 662 | Coal No. 2 (Newberry), see Quakertown coal. 

Propertie-— Coal No. 3 (Newberry), see Lower Mercer coal. 

density, 650; fusibilitv in, 653; plasticity, Coal No. 3a (Newberry), see Upper Mercer 

651: on what dependent, 652; shrinkage coal, 

ot, 682. Coal No. 4 (Newberry), see Brookville coal. 

Classification of— 653 | Coal No. 5 (Newberry), see Lower’Kittanning 
SEHUHRHRUE RESELLER ES THE FRE TEE HEBEL BD BERODE FO CATED 5 Cor . 
ee ren 87 | Coal No 6 (Newberry), see Kittanning series 

BLIP’? nenn cess ceesceceneeacee cesesses se aceees seavesses 671 and Freeport series, 73,74. (See Middle 

plastic .0.......cccsec nennen scceseren castes carsenser eevee 653 Kittanning, in Tuscarawas Valley, 

TLON-PIASTIC ........cccecesseseeneccssserseacsetee access 652 | Upper Freeport, south ward.) 

Composition of— | Coal No. 6a (Newberry), see Lower Freeport 

mineralogical, 646; analyses, of 648, | coal, 

; met s of analysis, 619, 1096; 

methods of testing, 655; alkalies, 647; Coal No. a an Seon 

iron, 647, 653; pyrites, 648; lithia, | Creek coal. in Ohio Valley ‘ 

1096; titanic acid, 618, 1097. , “ 

Clay veins, in. coal seams, 148; in Steuben- | CoaL SEAMS of O81ı0o—duplication of numbers, 
ville coal, 21; in Mineral Point coal, 69; methods of naming, 129; designating 

963; in Dover mines, 264, in Cambridge by numbers, 130, inadequacy of system, 

mines, 291; in Sunday Creek field, 981, | 131; methods of accumulating of, 135; 

937, in Straitsville coal, 956; in Hocking as marginal swamp, 136; areas of, over- 

Valley, 977. estimated, 187 ; covered by marine lime- 
Clay Vein coal, Ohio Valley (Lower Kittan- stones, 186; structure of, 140; partings, 

ning seam), 47, 53, 54. 55, 57, 59. roof, floor of, 141, 142; joints of, 143; face 
Claypole, E. Werne nee sesessese sss seaseess seseteeses 767 | and ends of, 143; classification of, 144, 
Cleveland and Pittsburgh Rallway— | 317; composition of, 146; analyses of, 

sections ON NE Of .ccccesessscesesescseseoenne .63- 66 1108; uses of, 150: duplication «wf coal 
Cleveland, Lorain and Wheeling Railway— | seams, 281.81, 287; chemical character- 

mines located on, 789, 790, 807, 809, 810 istics of, 149; losses in mining, 155, 352; 

813, 814. ao proportions left in pillars, 384; supply 
Clinton, deep drillıng At....essssasessssnnssennennnonene 800 rawn from few seams, 318 ; royalty on, 
Clinton, or fossil ore In Ohlo ........000.ccescecssee 371 172, 177, 718. 

Character Of.......eseosnnenn  ssecsescecsccse steers sees eee 372 | Coal Dale mines .......... seceensecee seeceesecenccessosserecs 875 
CoaL— Coal gas, hydrogen, in....... erecccsenes covecesenee nun 725 

chemical analysis Of.............cssssesscones 146-1088 | Coalport Coal Co.’s Mine ............ccccccsescseee. 860- 861 

modes of selecting samples..... .............. 148 | Coalton, mimes OF............ccccesesssces ceanes .-.824-1015 
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Coke—definiti 1, S66 5 By os f, 556 6; char. race Deming, H. R 2 
€ n Avie 0 ar- 00000 SEHSES cpecee 20080 CRED CES SEE non. ss 
acter and ela of, Dennison coal (on Middie Kittann ttanning). 
of, i flon . us 27 De Bteiguer coal gs pper Freeport).........--.... 8% 
manufacture oc ed, 560. iamond Coal Mine, of Linton, 210; horl- 
Coke of gas-works, 558; weicht and char- zon of, 211; seetion of, 212! analysis of 
acter of, 728. coal, 213; cannel found in, 213; fossils 
Coke ovens, clasnes of, 567; bee-hive ovens, 567. Of te cannel, 218. 
COKE Propucrion— 162, ; process of manu- Dip of Coal Measures—188 ; origin of, 189; re- 
at Hammondeville, 20 209; at versed dips, 140; ons for, 10: 
Leeton 556 at Salineville, 208; at amount of, 140. 
Happy ollow. 965: at Steubenville, 219; Disturbance in coal fleld .................s0esea2-00 28 
at Z nesville, 876; from Newcastle Disturbance of strata in Huron Co ........ .. SB 560 
Ils, 564; in h 860 Dol mite ( oo chiding sen an a 
Coking between wa n heaps, ; olomite (see ng stone 
fa ovens, 565. Donnenwirth, Andrew ............ ns | | 
Collins farm, coal of, 983. T-KDObE ......ccesccee cewccsresccsovse-enccesssccsomseccsees 676 
Columbiana Co., coal mines of, 184; num- Downerd, J. & JON.......ennuusunsoennonsnnunonnununnumunne 885 
ber of seams mined in, 185. rainage uf coal mines—881. new m A 
Columbus and Eastern Railway, coal mines ; of Leadville shaft, $48. 
of, 894, 895. Drain-pipe, 849, 850, 351 (see drain tile). 
Columbus and Hocking Coal and [ron Co., Drain tile ..........-sccsccs sess cssee aunune om AG 


951, 958, 954, 955, 957, 962, 968, 964, 966, 968. 
Concretions, calcareous, carrying fossils, 268. 
Conglomerate measures. 2, 9; counted with 

coal measures, - 0; contain coal seams, 2. 
Connellsville coke, 461; use of, in Ohio, 172, 

, 478, 569 ; coin tion, ‘659. 
Connotton Valley Railway, sections on line 
of, 71; mines on, 245; mines on line of 

Coshocton branch, 278. 
Connoquennessin sandstone, 2, 1. 
Consolidated Coal Co., mines of, 958, 968, 965. 
Conway coal, 162, 1040 (also see Brookville 


coal 
Cook, N nor G. H., Report on New Jersey 
clavs, 648, 651. 


Cooper, Thomus, section of Waterloo ooal.. 

“Copperar’’ in Coal SCAINB...........-sereee soesecesenes 
Corecran, THOMUu8 ..0....00sc0ccccss csseee senses seeceeees une 
Corning .....ccve-cccesccsecccecccencscesersecae seeees 931, 936, 
Cornish rolls... .ccon 00... ccscesccnccoses snnann voveeassoccoes 


Coshocton coal—place of, in series, 855; west- 
ern outcrop. 856; outliers of, 855; charac- 
ter uf, 856, 857; Analysen of, "863, "365, 866 ; 
uses of. 859, N62, 867 ; thickness uf, 856, 
857, 858. 859, 860, 864; exhausted from 
Coshocton min: ‘B, 864. 

Coshocton Co.—coal mines of, chapter on, 843; 

section of, Stil, 843; seams of 
econumic value, 84; production 
mines, 814. 

Coshocton mines— mostly exhausted, 864; 
fault in, 861; structure of seam, 865. 
Covington quarries saeces sun scnncoressecas sencus sonene tes ... 
Craft's Furnace mine, section Of COAL. ....c.cc0.00 
Crandall, A. R ............ cence secceeeas, pavcesceenes sesececes 

Creek Vein Aooal, nescccce scce-asccccees ceneee 

Creighton»’s coal—near Magnolia, 242; "Mid- 
dle Kittannıng seam, 242; structure of, 


242. 

CRINOIDAL LIMESTONE— E place in series, 51; at 
McCoy's Station, on King’s Creek, 
West Va., 58; on Wills Creek, 59; at 
Steubenville, 60; in Guernse nrey Co ” g9; 
in Maskingum ¢o., 98, n Carroll 
Co., 255 ; n Hocking ‘Vater, 918; in 
Morgan Co., "1060. 

Cumberland quarries...... coscssonsceccones nenne seceeseee 


D 


Darlington cannel coal, 45 (see Middle Kit- 
tanning coal, 165). 

Davis, David—mines of, 862; section of coal 
and analysis, 868. 

Dead work in mining ...............00. decccccceraseves .. 

Deckard's coal 

Del Carbo mines, 877; section at, 98. 

Dell Roy coal field, 78, pi: extent of, re 
sections of, 246, : of Op 
Das age, 244: eeuctuse of Dell Woy eo coal, 

; analysis of, 250; uns teudiness 
of ham" ‚298, 249; Lower Freeport seam, 
in field, "2358. 


1065 
268 


918 
.987 
692 


620 
962 
1041 
47 


Drift de deporite—751, 789 : in relation | to soils, 


Drift mines—825, 827; opening of, $28. 

Drift soils of Ohio, in relation to fertility zn. 

Dugway ore—107, 411; analysis of, 412; place 
in series, 919. 


E 


Eagle Tunnel coal..... eonssseccccccnccccersccecces seccceses 
Earthen-ware ... we cpsccccees coves can ee nenn cecces nn 
Eaton Quarries... .502 90000509027 000055200 10 9 OSCOSD nad aac manner 
East Vatestine coal deld, 196; the two seams 


of, 1 
Eighteen inch coal of Ohio Valley (see Upper 
Kittannircg). 

Elk Fork coal... 8 SOPHO PSO OHSS CH 0S CTE OES SECO CDE OECS OMS 
Elliottsvilie, BECLION Ab uuueannmnnannsnnnnnonnnnnsnnnumnn 
Escha method, in sulphur determinations...... 
Eureka Shaft mine ................0.seccsssssccensseceecen 
Evansdale coal, 284; analysis of, 236. 

Evans's Mill—eetion at, 1049; coal mines at, 
Ewart, J.C, Roofing-tile Works ....a...... 00m 
Excelsior Coal Co 
Fannie Furnace. IL DDG... ..00.. son coececces soccee cones 
Federal Creek coal....... ......cccccescoencsecce ‚onen 1 
Ferrie salf-coking Furnacy..............0.2. non en 


F 


Ferriferous limestone—10; character of, + 
replaced by, “cone in cone” 16, $3, 0 
nawes by which deg 
steady in Ohio, 19; at Loweilvitie. 2. 
40, 41, 45, 46; sudden c: es in, 46; die- 
appenrance ‘of, 67,102; at esville, 97; 
at Hope Furnace, 110; in Southern 
Ohio, 117; in Holmes Co., 817, sw; 
streugthened in Vinton Co., 992, 998, 
1001; chief guide, iu Jackson county, 
1025 : in Lawrence county. 1086. 

Ferriferuus limestune ore, 102 (eee iron ores). 

Findlay quarries ............ pee ssnnennuumonuunn une 

Fire-brick—687 : gradi ng of, 698. 

Fire-clay, in relation to seamMS..........-- u 

Fire-clay liuings.... nenne runamaneenn 

bengal mines, $50, 363, "1018: in Steu- 
benville shafts, 222, 368. 


Ire-proofing .. nn un 
Fir carbon of coals, modes of determining } 
Flint Ridge Cannel coal—extent of, 900; 

acter of, 908, 870; uses, 910. 
Flint Ridge—ma of, 868; horizon of, 8%; 


coal of, 870, 908, 909. 
in Holmes Co, 825-6; in 


Flint Vein coal, 
Vinton Cu., ‘999. 

Flood wood mines—076; furnace. mine, 979; 
section of coal, 97% 

Fluxes for iron furnac es—477: use of fossilli- 
ferous limestone for, 478. 

Fossil w 
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Fowler coal—at Moxahala, 904 (Lower Free- Groff coal, 48, 49 (see Brush Creek coal). 
port). Guernsey county — mines of, 262; 
Fox Lake mine— 792; explorations at, 794, 705. mined, 
Fox Bun coai MANE... .ccccercecee COFFS TESS DSS 2BEOOSTEQOESOS 
Franklin block ore (see iron ores). H 
Fredericktown anticlinal—185, sections at 44. 
Freepo Pp enace seccce Prelit ir rrr) Halderman L. & So stone uerries Of ...cceese 686 
Freeport estones “un... ........ OD teseeady 5, 18, Hamilton’s ‘mine, 988 Upper Freeport). 
Furpaces—com parison of ca ty and yield, Hamley’s Run mine PESCROHOSS 450005000008 0000000 see 960 
521! coke and coal working of 520,64; | HAmmondaville Strip Vein, 48, 165, 186, 200; 
in mines, 864; air moved by, $65; out- coke of, 209 (see M © ttanning 
ers of, coal an coke, . istri t—Geo. ° 
Farnace coals—152; Mahoning Valley, 178; ton of, 1 1087. logy of, 117; a0c- 
Hocking Valley, 923, 969, 961, LE Hanging Rock iron district... 482 
Jackson district, 1012, 1013, 1014, 1015. Happ ollow coal. 107, 984 (see Upper 
Fuels—consumption of, in blast furnace, 468; Freeport coal) |’ 
in Tuscarawas furnaces, 468; economy Harrison mining machine ............. +845, 972, 966 
of, in blast furnace, 618; for iron busi: artford mine, in Cambridge coal..........--..00.. 208 
ness, 443; of Hocking Valley iron dis- Hawes, Geo. W nummer. STi- 608 
trict, 480. Hawks’ Station, coal miues of................0 .., 1002 
G Haydeu, Peter, mines of............ ... eeceeccceee oo... 968 
Heat requirement of Blast Furnace.......... eu 549 
Helen Furnace mine..........n.. eacccee none sonne OD 
Gas—natural, at Steubenville, 219; at Bril- Heppel, Jas. W......c.cscscccsecesscscsese seecetaccccesseces WB 
liant, 208. Hitehcoek, C. H........ aces sense pecvencccssccseces sess 764 
Gas—artificial, first production of, 736; mag- Hitchcock, Edward .............. © senscceseeees cnsers nee «. 708 


nitude of present production, 725; puri- 
fication of, 724 , quantity and illuminat- 
ing power from various ¢ cals, 722 ; sul- 
phur in, 724; works, capital required to 
operate, 726. 
Gas coals of Ohio—722; consumption of, 726, 
727; points which determine value of, 
722; analysis asa means of judging of 
724, ash in, 725; Middle Kittanning coal 
as a, 727; other coals, 158. 
Gas coke, Youghiogheny ...-ccccosssscorerercesees veces 
Gases—calorific power of waste, 539; utili- 
zation of waste, in charcoal furnaces, 
618; found in mines, 359, 361 ; generated 
in mining, 861. 
Geological Survey of New Jersey—645, 649, 
; Geological Survey of Penn’a Ist, 1, 
5, 18; Geological Survey of Penn’a 2nd, 8, 
5, 18, 17,18, 21, 27, 180; results of, 9. 
Gilliland coal, of Hamilton township ........... 1011 
Gjer’s Kiln .............ccsce0 ee ccence covcsccescoseee ce aaeeseeeee 500 
GLACIAL BOUNDARY— apter on, 750; map 
of, in Ohiu, 754; ın North America, 756; 
Dy whom traced, 753, 754; consists of, 
762; in New Jersey and Pennsylvania, 
755 ; in Indiana, 758; in Kentucky, 769; 
counties traversed by, 758, 759; crosses 
Ohio river, 762; forms an ice dam, 768, 
764; chan in direction, 767, 769; 
sharply defined, 757, 760. 
Glacial id fi—in Columbiaua Co., 187; in State, 


, 771. 
Glacial scratches (see glacial striae). 
Glacial striae ........ ....csccsee sense 615, 750, 751, 770, 
Glacial terraces..............0. gesessen coeee se vacccee esses - 
Glusgow Furnace Uo.’s coal, 282 (see Lower 
Freeport (coal). 
Glasgow furnacea.......... eceee seeeee cevene s0000e co nccsece .. 
Glass pots...... „oo eee esenes eveces seese-senaceeesseesea renee - 701 
Glass sand, 592; from conglomerate, 885. 
Qluzed brick se0es0e8 ATI 2AG08 @ 8®eG@cenen LIITL COTOSEcerdee EEEEOS 706 
Gien RoOy.........c.cccccccccs sccoocsevccseces esee tecsceeseoes . 1016 
Gnadenliutten coal, section Of...ccc....c.ccsccccoee 274 
man’s Hill limestone..,.........cccccccorescrose, BI 
Goshen Coal Co.’s mine, section Of ............0cc 260 


771 
760 


468 


Grahamite ...........0.cccccess nenne eevccee- sees ssvees seoeee 725 

Gray limestone (see Upper Mercer; also Ferri- 
erous). 

Great Vein coal (Middle Kittanning), how 
reduoed to normal seam...... secscesecee ...921- 946 

Greenfield quarries............... cecese caees cescee vnasscen 622 


Greentown coal—(see Brookville coal), 230; 
general section, 231; structure of, 282; 
analysis of, 233. 

Grindatones—manufacture of, at Independ- 
ence, 582; at Berea, 588; at Amherst, 
686; at Peninsula, 588; at Massillon, 
602; at Marietta and Consttiution, 607. 


Hocking Valley Coal Field—106, 912, 991; area 
of, 912; map of, 918; history of, 915; sec- 
tion of, 918; structure of seam, 921, 984 
935; character of coal, 924; methods of 
mining, 925; general regularity of seam, 
925; divisions of field, 926 ; normal seam, 
Q22, 985; supplementary seam, character 
of, $28, 985: uses of, 928; failures of coal, 
due to what, 986; production of, 912; 
stren of coal dependent on top 
benches, 968, 967. 
Hocking Valley iron istrict ...............scccsssseee 478 
Hodge, J. T....... eosececenssecsccce eeccsees cee cosees seeees AI- 849 
Holmes county—ioines of, chapter on, 816; 
conditions of coal, 816; order of seams. 
817; amount of coal present, 816; general 
section of, 818; sections of, 842, 837. 


Home mines, 865; analysis .............:0008 s000 venees 866 
Homewood sandstone.....cccc.. 000.008 sececerene scenes 8 10 
Hopewell coal ........... Sesosnassnssnonnonssonnensan anansenes 869 
Horn coal (see coal). : 

* Horsebacks,’’ in COal........cccccse seccccnccccssecccess 201 
Horse Creek mime ........ ...cscscsccsesscncccserscesecces LOLS 
Hot blast, in coal furnaces ....c.cocmseccccsesce or BEL 
House COB] ...uesuseonoronsnneon zaununnnnnee sannansnnnenenenn 150 
Howeils, Anthony .......... ...cosssescces IRRPRPEFFR ¢ ccees 815 
Hunt, T. 8., on extension of Nelsonville coal, 

114, 109; on Hocking Valley coal........... 
Huron Shaft mine.............-.sscssssccees ence seeeceeees 1014 
Huron shale, used as a pipe-clay........ces..00.. -- 658 

I 
Ice dam, in glacial perlod...............00 762, 768, 764 
Inskeep, J. M., stone quarries Of ............sscee0 . 601 


Iron—gruding of, 511; composition of, 542; 

illing of charcoal fron, 511; transpor- 

tation of, 441; silvery iron, 512, 542, for- 
mation of, 549. 

Iron manufacture in Ohio—488; first manu- 
facture of, in Ohio, 447; early produc- 
tion of, in Ohio, table, 450; regions of 
manufacture, 453; in Hanging Rock dis- 
trict, 483; in Mahoning Valley district, 


Ironton— 1044, 1061, 1062: furnaces of, 504. 

[Ron Ones OF OH10—chapter on, 371; Classifica- 
tion of, 875, 876; contract system of 
handling, 471; distribution of, 380, 881; 
horizons of, 871, 875, 878, 379, 1025, 10886 ; 
louping of, 499; roasting of, 498; wash- 
ing of, 498. 

Iron ores—in Clinton limestone, 371; in 

Niagara group, 872; in Waverly, 378; 
in sub-carboniferous limestones, 873; 
in lower coal measures, 878, 375; in 
barren measures, 874, 375, 921. 


1120 


PAGE 


Iron Ores—Continued. 
Black Band—horizons of, 71,379; discovery 
of, 820; composition of, 382, 888; thick- 
ness of, 887; map of deposits, 392 Au. - 


ses of, 388, 396; calcining of, , ; 
louping of, 466; in Mahoning Valley 174, 
882; in Stark county, 218, 387; in Tus- 


carawas county, 281, 286, 390, 897, 464; in 
Holmes county, 899, 401; in Perry Co., 
101, 105, 406, 409; Shawnee ore, 407; in 
Lawrence Co., 488; at Mineral Ridge, 460. 

Block Ores—structure of,877; horizons of, 
879; associated with limestones, 877, 14; 
Big Red Block, 486; Little Red Block, 
486 ; of Austintown, 383; in Tuscarawas 
Valley, 899; in Muskingum county, 403, 
404: in Perry county, 412; in Hanging 
Rock district, 423; Franklin Block, 1036 
1088, 424; Boggs ore, 421, 422; Clayband 
ore, 406; of Eastern Ohio district, 470; 
ferriferous limestone ore, 102, 108, 125, 

* 377, Hallelujah ore, 484,512; of Hanging 
Rock district, 497; mining of, 490; roast- 
ing of 498 ; of Hocking Valley district, 
474, 476. 

Kidney Ores—origin of, 376; horizon of, 877, 
379; distribution of, 381; sources of, 384, 
worked in placer mines, 385; in Colum- 
biana Co., 381; in Tuscarawas Co., 398 ; 
in Hocking Valley, 414; in Hanging 
Rock district, 427, 432, 488; use of, in 
Ohio, 383, 442, 461, 467, 471, 480, 492. 

Lake Superior Ores—use of, ın Ohio[383, 442, 
461, 467, 471, IBO..ueenssccnenenane naneonnnnennn sevens 

Limestone Ores—377, 486; phases of, 378; in- 
stability of. 378; referable to one main 
horizo., 379: mined, 351; known as 
Baird ore, 413, 414; oolitic structure of, 
414; basis of Hanging Rock iron manu- 
facture, 428; limestone kidney ores, 
place of, 128, 427; character of, 427, 996; 
of Mahoning Valley district, 459; of Mis- 
souri, use of, in Ohio iron works, 471; 
“mountain’’ ore, 386, 466; Peterson ore, 
433; sand block ore, 486; of Tuscarawas 
district, 464. 


J 


Jackson county—992; mines of, 1008; lower 
coals of, 1008, 1024; upper coals of, 1024, 
1034; section of, 1025; cannel coal of, 
1032; analyses of, 1032. 

Jackson Shaft coal—995 ; rests on conglomer- 
ate, 1009; place in series, 1011; lies in 
basins, 1011; where found, 1012; num- 
ber of mines In, 1012; as an iron mak- 
ing coal, 1012 irregular floor of, 1013; 
output of, 1014. 

Jefferson county, coal mines of, 207; enunier- 
ation of Seam ............c00 be ceescesonsscsvenesen ses 

Johnson Bros. and Patterson, coal mines of, 
976; analysis of coal, 977; capacity mines 


of, 976; structure Of Coal............ccc00 coceee 976 
Johnson Coal bank ..........ssassnocon nsec neonunnnnnnnnee 943 
Jones, A. O. & Co., tile WOrks.............. cesses sonne 710 
Jones, 8. and J., coal mines of, 888; section 

OF COAL 000... ccc: cecvevsncscvccetonccsccstsccercacececns 891 
Junction City, borings at, 886; sectiou at, 108; 

ore at, 108........0.-se00 sonescnsens cocees sunnene Senne 404 
JUStUS MINE ...nnesasennenonoonen -cccee cncscecsens sauna seeese 818 

K 

Kaolin ........ cc ccccsecvcece cnccee cece: nonnnnenneonennenonen 

Kaolinite ........ccccssscssscs sossscsseccoecs snnunuonsannonens 646 
“Kaolite,’’ slip C1l@y...... ccs. secoscsnsecereee seseeeeens 671 
Kelly, T. C., statistics of building stone........641- 642 
Kettle holes in till .......0...cc.cccececese 762, 759, 760- 772 
Kettle moraine ........c.ccceccccccsccscnscssscon cesses cosece 772 
Key to lower measures, Hocking Co............... 991 
Key to order of series of limestones....... seo. 18 
Kilns, classification of....... z...... eocerccaccesseecceese 696 
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Kimbolton, section soo Lower Frecpo s7 

ngs see Lower rt). 

rs 40, 47, 49; distinguished 

from Freeport coals, 60, 149, 98, 101; their 

continuity in Ohio, 168; pointed out by 

Newberry and Andrew Roy, 168, 16; in 

Big Sandy Valley, 240, 993. 

Kittanning clay—18, 58, 55, 56, 57, 58, 59; in 
H ng k district, 117, 125; at Min- 

eral Point, 260; at Kimbolton, 283. 


Knowles, Taylor & Knowles, pottery.......... @ 
L 

Latimer, Chas ........... ecocccesncencces sonese sonannasncnn — 1% 

Laughlin, Hugh ..............cc00 secscecessosceccescone um 1% 


Lawrence county, coal mines of, 1085; ord 
Of SOAIIB..........ccccrcceccncee ses nannenmuunennemmenen 1 
Lebengut coal, Auburn township ................. 29 
Lechner mining machines............343, 895, 064, 96 
Lee, AlGTOW.........-cecccses cccccces cssesecccscces sun MB 
Leesburg COAl.....usnsonsssournnnannasonnananee m eonanemenenn - 2 
Leetonia—30, 35; sections at, 35, 37; lowest coal, 
178; coal field, 187. 
Leetonia coal—36, 41, 47; section of. 188; com- 


ition of, 190; qualit y of, 189; used in 
urnaces, 189; price of mining, 190; in 
Salem shaft, 192. 
Lesley, J. P—3; on conglomerate coals, 10; oa 
naming coals, 180, 
Lewis, H. Carvill .........ccc0 sccsse cescee socnnssesomecers 
Lewis, John, discovery of black band, at 
Mineral Ridge .............0. someone covenevec cece u ER 
Lick Run mine ...... . erasonseosensomnonenmmeooneenennenen 979 
Licking county, coal mines 0f................... 98 
Lıma QuUATTIOS......... 10-0 secsesees scores coscencer cone 64 


Lime—production of, from Cincinnati lime- 
stone, €09; at Springfield, 618, 619; in 
Shelby county, 620; at Greenfield, 622; 
at Tiffin,628; at Columbus, 629; at San- 
dusky and the Islands, 684, 637; lime for 
furnace flux, 629, 689; as a purifier of 
coal gas, 724. 


Limestone (see building stone). 
Limestones, as guides... ...........00-0..0. -2eensenececese li 
Limestone cval—67; of Stark Co. 230; Green- 
town coal, 231; Evansdale coal, 31; in 
Dover township, 260; in Holmes Co, 
822; in Vinton Co, 994, 1001; at Miner- 
ton, 1002; in Jackson Co., 1030; structure 
of, 1081; at Olive Furnace, 1042; In 
Lawrence Co.. 1041. 
Limestone RFOUPS ......... 0000. .ccee. ceeeeseetens nenne 
Linton i section at, 50; coal seams of, 19, 
Lithia, in Ohio Clays ............ ces cseces secccece 647-1097 
Lithopolis quarries........ eccccecencecne omesssanumnennnnn MI 
Little Beaver, sections at............neoeeanenem dl” 8 
Little Brier Hill lime............zcnnaceosoonne none. 974- TS 
Little Raccoon Valley, coals of............ nee... 1029 
Locomotives in mines..... 0.2.02. 0.000 eseeee SA2, 963, 974 
Loess, deposits Ol....essnesn sonnaneon onennnonensnunnnnnumen 1 
Longstreth's mines — Monday Ureek, 965; 
machine mining, 965. 
Loughman, J. M. ...........ccccvescocucccesee success ececane 99 
Lowellville, section at ...........cccccsessecescoe oes 2- 


Lower coal measures—as defined b Rogers, 
5; composition of, 5; el ncations 
arbitrary, 9; in Ohio, 10; true order of, 
24, 128; unity of, in Ohio, 115; order of 
coal seams of, 127. 

Lower Freeport coal—5, 10; at Leetonia, 38: as 
“Whan’’ coal, New Lisbon, 48; as Roger 
coal, Yellow Creek, 48, 51, 53, 54, 55, 57; 
as Kings Creek coal, 59; as Steubenville 
shaft coal, 60,61; at Dell Roy, 78; in 
Muskingum Co, 101; at Hamden Fur- 
nace, 119; as Hatcher coal, in Southern 
Ohio, 119; general characteristics of, 
166; synonyms of, 166; in Columbiana 
Co., 198; at Salinevilie, 204; at East 
Liverpool, 206; in Jefferson Co., 2308, 
210; in Steubenville field, 215, 222; in 
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Lower Freeport coal—Continued. 
Nebo field, 222; at Carrollton, 247; at 
Sherrodsville 253; in Tuscarawas Oo., 
282: in Guernsey Co., 286; in Perry Co., 
884 ; at Moxahala, 904; in Hocking Val- 
ley, 987; in Vinton Co., 1007; in Gallia 
Co., 1060; in Lawrence, 1062. 
Lower Freeport limestone, 18, 23, 25, 44, 58; at 
Bteubenville, 60; on Sunday Creek, 107; 
as Buff limestone, in Southern Ohio, 120; 
cement rock, In New Lisbon, 194. 
Lower Freeport sandstone........... 22, 78, 119 
Lower Kittanning coal—5, 32, 85, 41, 47, 49 
54. 57, 59, 67, 77; in Wills Creek Valley, 
85; in Muskingum Valley, 95; in Hock- 
ing Valley, 104; in Lawrence Co., 119: 
general characteristics of, 168; syn- 
onyma of, 168; areas of, beat develo 
ment, 164; in Columbiana Co., 186; in 
Leetonia field, 187; in Jefferson Co., 208; 
in Stark Co., 238; at Willow Spring 
mine, 238; Baum’s coal, 241; in Tus- 
carawas Co., 260; at Canal Dover, 264; at 
Mineral Point, 261; in Guernsey Co. 
288; in Wills Creek ‚Valley, 284; ın 
Holmes Co., 828, 829; in Coshocton Co., 
855; in Muskingum Co.. 871; unsteadi- 
ness of, 871; in Perry Co., 889, 892; at 
Redfield, 894, 897 905 906; in Hocking 
Valley, 986, 987; in Vinton Co., 1029; in 
Lawrence and Scioto counties, 1042; at 
Washington Furnace, 1048; at Etna Fur- 
nace, 1044; at New Castle, 1044; at 
Vesuvius Station, 1044; New Castle 
Basin, 1044. 
Lower Mercer coal—2, 11; at Leetonia, 36; 
in Sandy Valley, 67; in Muskingum Co., 
95. 99; general characteristics of, 158; as 
Flint Ridge cannel, 908; as No. 2 Coal, 
in Mahoning Co., 179; mined for ship- 
ment, 179; ın Holmes county, 823; in 
Coshocton Co., 814, in Muskingnm Co., 
869; in Licking Co., 908; Flint Ridge 
cannel, 909; in Perry Co., 886, 905; in 
flocking Co., 989, 990; in Vinton Co., 994, 


995 . 

Lower Mercer limestone—11, 18; value as a 
uide, 14; characteristics ot, 14; worked 
or flux, 29; in Tuscarawas Co., 67; ın 

Muskingum Valley, 95; continuity of, . 
125; in Holmes Co., 818, 819, 824; con- 
stant in Coshocton Co., 844; in Jackson 
eounty, 1009; in Lawrence and Scioto, 


1086. 
Lower Zanesville coal (see Lower Kittan- 
ng). 


sesueecasees sccusecesese senceccoeses oo vee easecetesess 1027 
Lucoock, T.8 .......00.cccccecc-sscceconsessasecccs anne nenn 


Lyons, Taylor—structure of coal scam of, 898 ; 
dup ication of seam of, 899. 


M 


Machinery in mines, 389: for hauling coal, 
198, $89, 841, 342; for raising coal, 340; 
for cutting coal, 842; how viewed by 
miners, 844; for ventilation, 366, 367; 
for measuring air, 869; for washing coal, 

Magnolia, section at.............cccc:cscscssssscscescceses 

Mahoning sandstone...........88,113, 128, 187, 207, 

Mahoning Valley Iron Vistrict................. 458- 

Majolica ware .....u.....00.. cesses cescccees cusses seccecsesees 

Marblehead quarries .......00..:ccscccceesccsses cvcsecses 

Marietta and Cincinnati Railway, coal seams 
along line Of ......... .2222220000000 coensccoosseceeses - 

Martin Brick Press ............cccsescccos cescce ces cocescens 

Massillon coal—character of, 777; uses of, 779; 
royalty on, 778; amount produced, 815 :§ 
powder used in mining, 778; grades of, 

8; as house fuel, 779; composition of, 
777; methods of mining, 778; analyses 
of, 780, 782, 784, 785, 786, 787, 788, 791, 792, 
798, 799. 802, 806, 808, 812, 804; thickness 
of, 780, 781, 782, 788; use of, as furnace 
fuel, 467. 

G 
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PAGE 
Massillon Coal Field—chapter on, 778; extent 


of, 778; structure of, 775 ; production of, 

15 ; duration of, 815, 7 ; dip of, 776, 
Massillon sandstone, equivalent Of ...euscon u... 2 
Mast’s coal MING............ccccerseee sonst socces ceenee sees 824 
Mathews, David, mines OF ......ccccccecescesceee saseces 876 
Maurer’s Mine... eo sencesceses gnecens eneran sonne 199- 194 


Maxville limestone, 117, 1010 (see sub-carboni- 
ferous limestone). 
McArthur, coals mined at........ oeeeeee128, 124, 997, 999 
McCoy’s Station, section At .....ccsscscsccscecsesene, Of 
McCuneville, section at, 108, 907; connects 
two phases of Mid. Kitt. coal, 104. 
McLuney Station, coal mines Of........... zuesese . 
McMillen, E.. pas coals of Ohio, 722; order 
of strata in Lawrence Co., 122, 
Meander Creek, section On ..............seces0s sanecıe 
Meigs Creek Coal—chapter on, 1059; composi- 
tion of, 1060; place in scale, 1060; in 
Morgan Co., 1060, 1071; in Muskingum 
Co., 1071; in Guernsey Co. 1078; in 
Noble Co., 1075; in Belmont Co., 1064. 
Metallurgy of iron in Ohio .............» eeccecessccene 
Middle Kittanning coal—, 48, 58, 64, 65, 66, 70, 
71, 76, 77, 79; in Will’s Creek. 85; in Tus- 
carawas Valley. 91, 264, 278; connec 
tions of, 91; 1n Muskingum Vallev, 95, 874; 
in Perry Co., 102, 887, 908, 906, 907, 921 ; in 
Hocking Co., 104, 912, 934, 935 ; in Vinton 
Co., 119, 1003, 1004; at Washington Fur- 
nace, 119: general characteristics of, 166; 
areas of, 166 ; synonyms of, 166; in Co- 
Iumbiana Co., 186; at East Liverpool, 
206; Dry Run coal, 206; Block Vein, 206; 
at Hammondsville, 209; as a coking 
coal, 209; composition of conl and coke, 
209; in Stark Co., 285, 237, 289; persist- 
ancy of, 265, 272, 285; Pike Run coal, 270; 
in Guernsey Co., 284; at Post Boy, 299; 
in Holmes Co., 830, 886; in Coshocton 
Co., 855, 867; in Jackson Co.. 1027, 1028, 
1029; in Lawrence Co., 1085, 1045, 1051; 
as Sheridan coal. 1053. 
Mill Cinder, use of, in Ohio furnaces, 479, 
Miller, R. BR... .... serosseonenennunannonennnnnunersenannen 
Millerstown, section at ...........:ccccsscceesnees pasecees 
Millstones, manufactured at Peninsula ........ 
Mine locomotive, in Hayden’s mine...... evorccnes 
Mine ventilation, Champion fan ..........0006 cu... 
Miners, nationality 0Of.......usassonsonsesosnnonnannunnen 
Mineral City, Coal Of.....cc008 seceee 
Mineral Point, section at 
Mineral Point coal—section of, 261; analysis 
of, 262; character of, 262; disturbances, 
affecting seam, 263 (see Lower Kittan- 
ning coal. 
Mineral Point clay (see Kittanning clay). 
Mineral Ridge coal, 174, 820; bl band of, 
Minerton, coal mines of ............. br eeeessncsecesecace 
Minglewood mine ...... sesnanın sancacccsnscons steers serene 
Mining machines—342; Lechner, 848; Harrison 
or Butler, 345; how viewed by miners, 


174 
1002 
802 


844. 
Mohawk Village, cannel mines of ........ .... ove 
Mohler COAL ..... .........ccccsccrscccssses cvscceccoses soceesees 
Moisture in COAIB ...... .........scccccssscosscees tosses cncees 
Monday Creek district, of Hocking Valley, 

958 ; number Of MINEB............... sccsccvenees 
Moody’s mine, Carrolton............ss.ccscccecsecencees 
Moore. Eden.........ccccceses cvssccscssccescsescscccsee cesses 
Moore, Jas., cannel mine, 847; mine of, in 

Brookville coal, 858. 

Moraine, termisal...... .......c00:cesscesseccecevenssosses 
Morgan, gliver, mine of aaa FEAR “ 
organ Run coal mines ; equipment an 

character of coal, 867. 
Moughiman’s mills, Kittanning coals, dis- 
appear COT eRe NESSES COO EE EOE EEDSECOBOS age OOee 00008 ccesee TI- 78 
Mowrie’s Carmel mine...........ccosscssssssacconessonece 
Moxahala, coal of, 908; section at, 904. 
Moxahala Furnace, 457 ; ore supplies, 101. 
Mullins, J. H “....n.. so...„..... AL EITITITIE TION II Dr TOTTY sonseseue 
Murray City Mine, 968; structure of coal, 969; 
equipment of mine, 840, 968. 
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M m Co.—coal mines of, chapte ter on, D Run mine...........- „420022000 conccesesces nenne 

‚ extended scale of, county,  BeC- Pike Run coal, 270 (see Middle Kit Kitt 

tions aborted, 869 character and analysis of coal............ 3 
Mt.5 Vernon Furnace, section at......... easecveccsers 1089 | Piketon QUATTIES.....cc0c..coccesccseee access coccccccssseee, SMH 
Pioneer Station...... ....ccc0- .ccccscscecsescecasecnescecee-ee 1089 
N Pipe, “Cincinnati Standard” ...:..............714 716 


Nebo Coal Field, 222; analysis of coal, 228; 
structure of seam, 224; extent of field, 
226 (see Lower Freeport). 

Nelsonville, 969; mines within corporation 


of, 978, 974. 
Nelsonville coal, ‚joe 3 Middle Kittanning)....... 1106 
Nelsonville Coal © CO... .220ccsceecncece snanaeene 107 
Nelsonville Mining District, 969 ; number 
of of mines, 970; wor of mines, 972 ; 
analysis of coal, 978, 975, 977. 
Newberry, Henry..... coees cncves coe cnsescenenes 819 
Newbe eh Professor, J 3 10, 18 16, 16, 20, 28, 
40, 41,48, 48, 60 16 95, 180, 168, 


= 170, 179, 174, 280, 750, 764, 77 
New Brighton, section at......... some OD 
New Castle coal ({L. K.), uses of, "1044; analysis 


1045. 

New Castle coal field, 1044; production and 
importance of, 1645. 

New Comerstown, sections at, 80, 81,277; die 
turbance of stra 

New Floodwood (see Floodwood). 

New Jersey, CIAYS Of ..ccccoccsecsce sunuausounnnnenenen 648- 645 

Newland, amin, section of... wecccccveces OD 

Newland coal (Tionesta?, 124) {Upper Mer- 

oot 159; where foun ; value 

New Lerinston coal {Lo We) ....... sn  BEO 

New Lexington coal (Upper and Lower)... enonsarne 887 

New Lisbon, 40, 41; seetion at, 42; lowest 
coal of, 178. 

New Paris, quarries...... .....0........ eseesene eeeeeceeeee 612 

New Straitaville, coal MANES Of... u 4, 968 

Newton, Henry............. ova anenuneen etescenceceseces ee 555 

Newtonville limestone. .........0...s.scssecessensecesenes 99 

New York, Penn’a and Ohio R’y mines on 
line of, 179, 190, 788, 785, 780, th, 

Nicholls, James, charts prep ared DY............ 715 

N and New Lisbon Ry (see New York, 
Penn’a and Ohio R’y). 

Nixon, J.8., section on lan s of sescescsscescene eee 898 

North Industry, COA] mined At .......ssense rensenenn 285 

Norris coal, 105, 940 (see Upper Freeport coal). 

Norris iimestone (see Upper Freeport lime- 107 
8 ne SC OSSOSSOSS OFS SCKSHSHSCSOHSOE LEO CH RDREOEEADDSERUBDE GOES D 

Norris mine, in Cambridge coal, section and 
equipment of, 291; analysis of coal ...... 292 

O , 
Oak Ridge Furnace Coal & FB ,)..ccesseseroeee sees 1066 

Ohio Central 0 Coal Co., , 9275 mines 

Qhio Souther B By, miı mines on line of.........1015-1016 

Ohio Valley Pot Clay CO............uu2.0000n 020 PRBPRRRRR 701 

Olive Furnace, limestone coal of.. ............... 1041 

Orbiston, mines Of ..........22220220002 220000 cesssesnscesses 969 

Osnaburg coal (see Middle Kittanning), 165, 

289; analysis of, 

Ovens—coking, Anchor, 871; Bee-hive, 568 ; 
Breckon & Dixon's, 578 ; Cox’s, 572; 
Jones’, 574. 

P 

Palmyra coal, ‘extent of beat, 227, 228; 
section at, "2; analysis of, 229 

PR Hill, pection .......... serneencuesscccsccnes see -- 1088 

ul, : 0 . snoonnnnsonnananenuenunnene 0 namen „ 79 

Payne Newton & Co., "MINE Of. nennen 780 

riodical page of charcoal furnaces........ 509 
Perry county fa orthern half), coal mines of, 
884; geological range, 885. 
Persistency Of COB] SEAMNS..........0...ccscesere eee once 1085 
Phosphorus, mode of determini ... 1001 


Phosphorus, in furnace fluxes, 1; "in Hoc - 
ing Valley irons, 476. 
Phosphoritio OT@B....esscrsereen +... sveveees one... 518 


Pipe-making, classified ........ 
PIQUA QUAITICS,......0...ccccccccerseeseesscssrsctecs corona OLS 
Pittsburgh coal seam, asa gas coal... none 7 

Pittsburgh, Fort Wayne and Chicago By 


Plummer Hill mine, 956; : “horsebacks in, ’°966. 
Pocock mine, 287; structure of coal and 
analysis, 238. 
Pomerine, Dr. P. P., coal mine of...............- BR 
Portage Co., mines Of vesscscssseessece nn wore 
Port omer, section at .... 
Portsmouth quarries.............cscccccesseeesoee nam 
Port Washington coal, section of.............. 
Post Boy Borings—297 ; deep coal found in, 
; analysis of, 298; place in series, 


Poston, W. Won..--.cccsccosssonesssnesssssercenesecenoee 
Poston & Co’s mine, 974; analysis of coal, gi" 
Pottery, 668 ; ornamental, 719. 
Powder need in mining...... ...... -- 218, $36, 778, 95 
Pressed brick ........... ......-ssseserseccceeseseecns coe ™ 
proafing, ies Pt. Marblehead quarries, 66. 
Purd coal MINE Of ....cccorcreees oe nn 
Putnam Hill limestone, 20 at Leetonia, 36 
"at Walker’s, 55; in Sandy Valley, 67, ed 
76, 80, 81, 97; in Guernsey Co., 
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Perry Co., 102, 106; in Hanging Hock 
district, 123 ; n Mahoning, 190 
Guernsey Co. Bat Post Boy, 299 in 
Holmes Sp: ‚in gam Co. ar bo. 
852, 854; in ‚80; in 
Vinton Co., 1001. 


Q 


Quakertown coal—8, 11; general character- 
istics of, 157; probable representative 
in Southern Ohio, 157; place in serien, 
158 ; in Maceilion field, 4, 784, 818 ; 
Holmes Co. ackson Co. I 

Quarries (see bailding stones). 


R 


R rdcli fs coal, found in drilling........ 
Read, M.C., 170, 750, 771, 916. 

Redfleld, cual mines Of........-.-...sscs- ann _.2- 
Refractory linings... 
Refractor material..... we Banane nenne. conees sec cuesercceces 

Rennie, . B., coal mine Of.......-....-...00-.. —- . 

Reto nocace cacees nn AR 
Richard’s “Coal. Co., 25 ; "structure of seam, 

286; analysis of, ai. 
Ries, Frederick. cecceess 
Roasting ores, in kiins... weaccevesecesccccesqucccuscs mm 
Robbinsville, section at....... .....s.c.sessccocs cece se 
Rochester Station, section at....... 
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58 (see Lower £ reeport). 
Bolling i Miia of Eastern Ohio... 
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Roseville sections at, 100; potteries of, of, 669; 
coal mines of, 878. po 


Rogers, H. D ...... COS CHOSCem on Lens BORED AIDA OCs Bean. 1, 2, & 23 
Roy, Andrew, on continuity of coals, 18; 
on coal mining in Ohio. 301; on Jackson 
county coals, 1011. 
Russell Bros., coal mine Of..........cccc.----:enc0e KET 
8 
Sackett and Smart, coal mine of, 968; coal 
faulty, 966. 
Safety lamp .. + 000 BE 6 092000 san STOR S £OFS48 eCourse 1 ese Oe m 
Balamanders in furnace . wor... » SHDEPt Cee ~ = 
Balem, Section At......cccccccrerccccsces seccesevecseenecee LF 
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BaLIMA .........ruessoensonunnnonernee cones senses acnees scores namens 

Salineville, section at, 63; coal basin of ......... 

Salineville, Big Vein, 200, 201; analysis of, 
202; coking of slack of, 208. 

Salineville Strip Vein—51, 68, 185, 187, 199; 
analysis of, 208; structure of, 204; area 


of, (see Brush Creek coal). 
Salisbury anticlinal .............ccsssessscssscrecesvenses 200 
Salt Wells of Wills Creek Valley......... seneecsenane 285 
Sand Run mines, 968; cannel seam of............ 963 
Sandstone, 578 {see building stone). 
Sandstone CO] ..........c0ccccrccee covee concen suonesccncsens 1029 
Sandstone Vein Coa) ............«ouunnonssosssnnenenunene 827 
Sandusky QUALTICS..........ccccccecscccccseee ssecevece ses 634 
“Sap in building stomes ............ssscesee-sssseceence 612 
Schrock, Andrew, coal mine of.........: 829 


Scioto Uo., coal mines of, 1085 ; order of seams, 


1087. 
Scott, Ambrose L., section on land of.............. 1010 
Scott mines, in Cambridge coal................008 „ 282 
Screening of coal, 158, 190, 197, 202, 251, 268, 
291, 828, 778, 926, 1020. 
Scru coal—6, 28, 80, 41, 46; in Southern 
” hio, 128; mined as Canfield cannel, 
180; mined as No. 3, at Cook's Crossing, 
181; mined at Robbinsville, 194; in 
Vinton Co., 994, 1001; in Jackson Co., 
1080; in Lawrence Co., 1041. 
Seaton, C. W ........ccccccecccssecereees 
“Belf-TOck” ....0....cceccsnceseeens cee senennunanonsansan cesses ong 
Sewer-Pipe—711; discussion on, 716; produc- 
tion of, 717. 
Shaft mines, 49, 169, 215, 326, 381, 846, 847, 981, 


SHARON COAL—2, 8,11, 28, 41, 68, 817; general 
characteristics of, 156, 318; mode of 
occurrence, 156, 1011, 1618; speedy ex- 
haustion of, 157; development in Ma- 
honing Valley, 169; claimed in deep 
boring, at Brilliant, 208; at Post Boy, 
297; Palmyra Basin, 226; Massillon field, 

778, in Holmes Co., 821, 822; in Coshoc- 
ton Co., 844; in Hocking Co., 990; in 
Jackson Co., 1011. 

Sharon Conglomerate, im Perry Co ..........0¢ woe 885 

Sharon Shales.... „ac... Knnnononannunnnnoonunenn sense 662 

Sharpless’, cannel COAl....uuru.......rn en: 848, 849, 85U 

Shawnee—coal mines of, 944, 946; production 
of coal to acre, 945; annual product, 961. 

Shawnee limestone (see Upper Freeport). 

Shawnee Valley Mine ............unsuossanoneooe snnennune 

Sheerhan, J. and F., coal mine of, 887,908; sec- 
tion of coal, 888. 

Sheridan coal—)20, 1045; at Washington Fur- 
nace, 1046; at Mt. Vernon rnace, 
1047; ar Evans's mills, 1048; at Ironton, 
1061; at Sheridan, 1061. 

Sherrodsville coal—(see Upper Freeport), 260; 
section of, 250; analysis of, 261; grades, 


257. 
Silica brick 


„nu... seenen 100 28088608 


83 


948 


Silver Creek Mining and Railway CO........ea. 789 
Sims, FP. M.and 8. M., mine Of............scssesee... 983 
Sinking Bprings, Fossil ore m@ar.......... ccc .cesceees $72 | 
Slags, character of, 543; heat consumption of, 
558; composition of, 512. 
Blate Vein coal .......... eseeneesevevecne cacee ....987, 988, 1040 
“Blickensides,’’ In coal..... ........ ees ecaccecccseece on 291 
Slope MINES............cccccncessecces 329, 329, 380, 847, 1012 
Smith’s Ferry, section at...........-zerssomenoonneeennn b- 47 
Smith, J. Lawrence ..........ccescsssccecccese 2.000 1094-1096 
Smurthwalte, Wm............. Oececsecevescccecen aasnecce 222 
Snow Fork limestone........,..cc0c.ccceces. eve vconecscecs 107 
Snow Fork MiMeS...............cccceswsccccccssecccvccccece 968 
Snow Fork Valley.............cccccccccss ccccsccesseccnece . 968 
Sole of blast furnace... .....cccccc.ecccccceoues ev ceccces ces 526 
Somerville coal, 64, 205 (U. Freeport). 
BONOrT& COB] ..2..ccce.nsccccecscssve cece oenuonssauserenecuuennenn 879 
Southern Ohio Coal & Iron C0..........cscecesseencee 1022 
Sperr, F. W............ssssccccseee wees ses vescecess eoavescccace 62- 577 
Spirorbie a entones, 186 (see Freeport lime- 
stones). 
ringfleld quarries .............ccsce.csceses Seteces seveee 617 


Stallsmith coal, 107 (U. F.) 
Star Furnace mine 


sensncessstnee seen ueaea vente . 1018 | 


1123 


PAGE 
Stark county, coal mine. of, 229; coal supply 


of, 280. 
Starr township, mines Of.............cscccsesess coees 
State Line mines, 196; grades of ; 

sis of, 198; machinery in, 198, 


199. 

Steam coals, 150, 151, 200, 214, 252, 268, 290, 888. 

Steenrod, L., coal mine Of...........eccssscccsceees on. 

Steubenville, sections at, 60; coal fleld of, 215. 

Steubenville quarries....... Sonnennosesmennanneneunen cases 

Steubenville Shaft coal, 49, 60, 61; extent of 
field, 206; structure of seam, 207; char- 
acter of coal, 218; analysis of, 219; cok- 
ing properties, 219; mining of, 220 ; fire- 
damp in mines of, 222. . 

Stevenson, J. J. on growth of coal seams, 136 ; 
on West Va., 88. 

Stillwater sandstone (see Lower Freeport 
sandstone). 

Stone quarries (see building stone). 

Stone-ware, of Akron, 669, 670, 678, 678; of 
Roseville, 669, 670, 674, 675; Rock House, 


Straitsville (see New Straitsville). 

Strawbridge cannel coal .............ceerece 169, 158, 

Sulphur in coals, 149; mode of determining, 
1089; in gas coals; different effects of, 


Sulphureted hydrogen in coal gas; removal 


978 


of, 724. 
Sunday Creek Valley, mines of, 926, 944; area 
of, 926; development of, 927; irregu- 
larity of seam, ; structure of seam, 
, ; waste, 930; failure of mines, 
981; yield per acre, 930; analysis, 988. 
Sub-carboniferous group in OhJ0......00.ccceseee 
Sub-carboniferous limestone, 99, 117; errone- 
ous place, assigned in Vol. I. 117 ; asa 
building stone, 687 ; in Muskingum Co., 
869; Newtonville limestone, 869; in 
Perry Co., 885; in Hocking Co., 891. - 
Symmes Creek coal field ......0.....0ccsccccsssce cooces 1067 


578 


Taggart, I. M COaseotonensceeneseese COCES. cooasveceseennee FEROTE 
Tague, M. & P., coal mines of ................000.. one 
Ta madge C "| Co v..anun...00020u00 008 005 SCO DEUnDES sn... 
Tallmadge mines ....... os sonanonensunune aces ronnseemeruene 
Taylor, Col. James... .ue-.sucnnnonnaononnannoneounsonnnnene 
Taylor kiln ..... DKLIIELETTIITEUTEIITITT TTV secseboce exevscocee 
, Terminal moraine in Ohio, 752; history 0f..758- 754 
Terraces .......200.0. secves sesseestecssnsensees PIEPPEDEFPELPPEEER 760 
Terra COtt@..eososoesuonan asanen snunneun sonne cesses aunanensnun 
Thomas, R. & Son, door-knob works.......es. 677 
Tiles, floor, 707 ; hollow, 707 ; roofing, 706; en- 
caustic, 717; refractory, 708. \ 
Till or boulder clay, 751, 752, 759; origin of, 


758; elevation of, 760; not due to ice- 
bergs, 751. 
Timber, supply of charcoal furnaces...488, 498, 494 
Tionesta coal—10: mined at Bolivar, 67, 68, 
80; in Muskingum Co., 95; in Stark Co. 
243; in Tuscarawas Co., 258; section of, 
259; analysis of, 259; in Sugar Creek 
township, 280; in Holmes Co., 877; in 
Perry Co., 907; in Vinton Co., 996; in 
Jackson Co., 1082. 
Tipple, automatic, Mitchell’s ..................... 840- 968 
Titanium in Ohio Clays............ .ccscccrcoecsssesosrese1 O07 
Tod, David, Gov..............0 ev ceveecsecesees stovseccseccece $19 
' Toledo, Cincinnati and St. Louis R'y, mines 
| opened on line Of...uusunnessosneenn seerseee 1016-1080 
, Toronto (Sloan's Station), section at............... 56 
Treaks, reptiliam.........0.....ccsccsescorsessecee eessnonanne 963 
| Tropic mine .............. eeeees nunssnssnussonsnansnennenensen 1018 
Troy mines, output of, reptilian tracks in 
TOOL Of ......seasssssunensuonunnnurenunen aruusonnensnsene 
| Trumbull Co., coal mines Of........ccccscccccccssceeee 
| Tuscarawas Co., coal mines of, 256; map of, 
257; BEAMS MINE..........cccccccssrsccncscssecees 
Tuscarawas Iron District ............ cccscscsscosces 454- 464 
Tuscarawas Valley Coal Co........c.ccccccssessoses. 


. 270 
Tuyeres, phosphor-bronze, 522: home-made... 524 
Twinsburg quarries ............... .... 608 


Ban 6208 86908 ceoseces ‘ 
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U PAGE 
Washingtonville ........0ccscccccsseserscccccessscensescceeee BD 
PAGE | Waterloo coal field, 120; error in regard to 
Union mines, 864; fault in, 864. position, 120; corrected by McMillin, 
Upham, Warren .............0..cccessecscecor stoves onnununne 754 120, 1058 ; location of, 1068; area of. 
UPPER FREEPORT Coal—its chief develo 1068: composition of coal, and high 
ments, 91; its general character, 167, 64, character of, 1058. , 
71, 78,79; Blackband, at horizon of, 71; Waterloo township ........-.......00-2+-0---980, 963, 966 
Cambridg , 87; Salineville Big Vein, 63; Waverly brown 8tONG.......ecccccescesecses ceenemeenee 599 
Blackband, on margin of, 94; in Mus- Waverly group........cccscesecece ssceeees sue secseeees 578, 538 
kingum county, 94, 95, 97, 871, 878; in Webster cannel coal......... “seeseesteceuseseeseesncens 160, 1039 
Perry county, 100, 201, 105, 901, 910; in Webster, Jacob, section of Waterloo coal ....... 1054 
Athens county, 107; in Lawrence and Weigh box, automatic ...... arscasennssaseenneonmnnnenn 199 
Gallia counties, 120, 1056; at Carbondale, Wellston. coal mines of $23, 1019: furnaces of, 
118; complexity of structure, 107; in 458, 5:!1, 528. , , 
Columbiana Co,, 188, 196; at State Line Wellston coal field, 998, 995, 1015, 1024; map of, 
mine, 197; at Fredericktown, 206; in 1011; area of, 1915; mines of, 1016, 1017, 
Little Beaver Valley, 206, 207; without 1018, 1019; output of, 1020. 
yalue, in Jefferson Co., 210; at Linton, Wellston coal seam—distinct trom shaft coal, 
210; Diamond mine, 210; in Stark, 248; intervals between, 1008, 1010, 1016: 
in Carroll, 244; in Augusta township, uality of coal, 1015, 1020; as an iron 
245; at Carrollton, 246 ; at Dell Roy, 248; urnace fuel, 1019; structure of coal, 
2 in Guernsey Co., 286 ; Cambridge equipment of mines, 1022. 
coal, 289 ; in Holmes Co., 886; Alexander Wellston Coal and Iron Co ...........csc0ns-+e-- 1019-102 
coal, 879 ; Blue Rock coal, 881; in Brush Westmann kiln, ore roasting............0..s.cccsseees 502 
Creek basin, 882; in Norris coal, 941, 942, Whan coal (see Lower Freeport coal) .......... 43 
1007 ; in Jackson Co., 1025, 1026; Water- Wheeling and West Va. R’y, mizes on ...... ..... 200 
loo Co., 1058; character of, 1068. “Whitecap’’ in COA] ............sccscessccoeeee 209, 270, 729 
Upper Freeport clay—22, 57, 58; Bolivar clay, White, [. C., 3, 5, 18, 15, 17, 21, 24, 27, 46; report 
68; in Muskingum Valley, 97, 882; on Ohio lime, 48, 764, 765. 
character of, 97. White limestone of Columbiana Co ... ....... B1- 48 
Upper Freeport limestone—characteristics, 21, Whiteware......... sienecsscssossseess coneseaes neuen 62 
22, 28,81; in Columbiana Co., 43, 198, 68, Whitlock OF€ ...uessnasnoannnonnnnnnnanennnnnnene 101- 407 
71; in Guernsey Co., 87; in Muskingum Whittlesey, ASAPH ..ccccccsccccc.cccossssccseccscceeseeee 918 
Co., 96, 100, 101; pure enough to burn, Whittlesey, Charles, 318: direction of glacial 
101; known as Shawnee limestone, 106; striae, 770, 77:, 752; trinngulations for 
in connection with Buchtel ore, 108; at dip, 140. 
State Line mine, 198: in Cambridge Wilcox and O.bourn’s carnel coal ....—....... Sit 
fleld, 292. Will, H.C. & Co., mine Of .....ensnnnennnnn anne 9a) 
Upper Freeport nandstone..............0.--secseresese: 22 | Wills Creek, section ON . ......c.:cccccces cesses enanennen 59 
Upper Kittanning coal.....51, 63, 54, 55, 209, 215, 285 | williams, Stephen R, mine of ..... ....0-...-.-.. 82 
Upper Mercer coal, 8, 11,99; mined 10 Can- Willow Spring mine.......ucrsesssenennennananen eonnnnnnn 238 
field, 30, 79; Bruce coal, 30; mined at Wilmington Quarries ........ „ums seneeenne sonen ae „ 616 
Zoar, 75, &1; general characteristics 01, Winters’ coal, 161, 999, 1000 (see Brookville 
169; Bedford rannel, 159, 845; Straw- coal). = ti 
bridge cannel, 159 in Holmes 00,88 : Witherow and Gordon............-scc0--csceeee, none 522 
n e n, : n erry 9 ’ n e 08 OOO POOE COO ORSEE® 008 62 OES008 CaT ETD PEO ESS 
Scioto Co., 1087, 1089. Wormley, T. @ 1068-1089 
Upper Mercer limestone—3, 11, 29, 99; charac- 
ter of, 15; replaced by flint, 15; at Zoar xX 
Coehoelon county, 844,845, 858 in Barry 
octon county, 844, 845, 858; in Perry 
county, 886 ; in Scioto county, 1086. Xenia quarries ...... ccc. aossaasanennnennennnen nonsuueen 614 
Upper New Lexington coal (see Middle Kit- 
tannin Y 


8). 
Upper Zanesville coal (see Mid. Kittanning). . 


Van Wert Quarry ......-020anono sonnnonesunanu nen ennsonnennen 
Ventilation of mines—342, 859, 361; affected 
by eyetom: of mining, 316, 857, 362, 368; 

prc uced by furnaces, 864; by fans. 365, 

, 867; fans vs. fur.aces, 364, 867; by 

natural sgencics, 88; amount of air per 


man, 887, 363. 
Vinton Co., mines of—992, 1008; map of, 993; 
coal seams of, 994. 


WwW 
Wadsworth mines......... unse nsoneenaeenene 786, 788, 789 
Waguer farm, deep boring On ...............csccoseee 798 
Wagoner Coal Co., mine Of.............ccccsesecsorese 785 
Wallace, John, automatic pump Of .......csee.-e0 972 
Wempum OFE..........sscsscescessescecncs sos saceceece soeeeens 459 
Warren flagstone ............ ..cessssesees cones seston cesees 580 
Washing machinery for fine coal.................... 341 
Washington furnace coal mines......1040, 1048, 1046 


Yellow Creek Valley, section in.................0.. 4 


Yellow Springs quarries .... .....c-cccccseccsere om 619 

Yellow-Wäare ..nennssoanonon cesses ceeers secnescteacsccesecese « . 67 

Young, Oliver....essesonsannnonuunen ces covensces soncnsres 810- 814 

Z 

Zaleski, 995; mines of, 1004, 1005: boutders 
font nd in coal, 1005; in Brookville seam, 
1006. 

Zanesville, sections at.........-....... oreuoonononnnnumnenne +] 

Zanesville brick ............ccsecceces+sosceasareccsesens 704- 705 

Zanesville coal (Lower), 870; basins of, 872, 
878; thickness of, 871; analysis of, 873; 
structure, 873; (U per) 871; where due, 
874; structure and analysis, 874, 878 ; in 
Muskingum Valley, 876, 877; disappear- 
ance of, 877. 

Zanesville quarries .............. sense mocscceccscess —-— 64 

Zerbe, J. B ........ccveene ccccvcssesccons ovcees. wes cccens saesneces 733 

Zinc, blende. In limestones ............-0.ceccecerame G22 

Zoar limestones (see Lower Mercer limestone). 

Zoar Station. section At...... ...... ccccccceseccecensees 78 
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